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CONTENIDO DEL INFORME TÉCNICO

PROGRAMA DE FORMACiÓN PARA LA INNOVACiÓN AGRARIA

1. Antecedentes Generales de la Propuesta

Nombre: Actualización y captura de infonnación científico tecnológica en el área de la
fertilidad de suelos y producción de semillas: 17 Congreso Mundial de la Ciencias dei
Suelo.

Código: FP-V2002-1

Entidad Responsable: Postulante Individual: IntemationalSociety of Soil Science

Coordinador: Sampong Theera Wong. Presidente del Congreso

Lugar de Formación (País, Región, Ciudad, Localidad): Bangkok - Thailandia

Tipo o modalidad de Formación: Encuentro Científico

Fecha de realización: 14 - 21 de Agosto de 2002

Participantes: presentación de acuerdo al siguiente cuadro:

Nombre Institución/Empresa Cargo/Actividad Tipo Productor (si
corresponde)

Rolando Demanet F. Universidad de La Profesor Asociado
Frontera

Problema a Resolver:
Actualización del conocimiento básico y aplicado del manejo de fertilización de especies
forrajeras destinadas a la producción de semilla, capturar información relevante en el área de
la nutrición vegetal y contactar a investigadores de nivel intemacional para desarrollar
proyectos futuros..q\te-

Objetivos de la Propuesta

2. Antecedentes Generales:

Durante el desarrollo del congreso se logró exponer el trabajo "Effect of Boron Fertilier on Red
Clover Seed Production in Chilean Volcanic Soils", en la sección posters Symposium W 14,
paper 1696. Además fue posible presenciar y discutir el efecto de la aplicación de
micronutrientes en la producción de semilla y especies forrajeras.

Marcela Gonzalez E
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Antecedentes Técnicos

Relación Concentración de nutrientes en la planta y el Suelo: De acuerdo a los
antecedentes logrados en el congreso la relación planta suelo esta determinada por los
componentes químicos y biológicos del suelo y el medio ambiente. En praderas templadas la
concentración de macro y micronutrientes se presenta en el siguiente cuadro:

Macronutrientes

Elemento (%) Suelo Planta Planta/Suelo
N 0.28 2.80 10.00
P 0.20 0.40 2.00
S 0.10 0.35 3.50
K 1.50 2.50 1.70

Na 0.25 0.25 1.00
Ca 1.80 0.60 0.33

M~ 0.80 0.20 0.25

Micronutientes

Elemento (ppm) Suelo Planta Planta/Suelo
Mn 1,600 165 0.10

Zn 150 37 0.25
Cu 30 9 0.30

B 50 5 0.10
Mo 2.6 0.90 0.35
Se 0.4 0.05 0.12

Concentración de nutrientes en las plantas: El contenido de nutrientes en las plantas esta
determinado por el ambiente, suelo, especie, cultivar y tipo de fertilización. Las gramíneas y
forrajeras presentan en promedio diferentes niveles donde el Boro registra su mayor
concentración es en gramíneas: Timothy y en leguminosas: Alfalfa.
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Concentración de Nutrientes en el follaje de Especies Gramíneas (bms)

Elemento (°At) Ballica perenne Pasto ovillo Timothy Festuca
N 2.10 2.80 2.50 2.60
P 0.32 0.32 0.13 0.30
K 2.30 2.60 1.70 2.10
Ca 0.87 0.57 0.88 0.87

M~ 0.17 0.15 0.27 0.18
I

Elemento (ppm) Ballica perenne Pasto ovillo Timothy Festuca
Mn 41 105 38 29
Zn 20 23 19 16
Cu 5.0 7.1 4.6 4.9
B 9 10 17 10

Mo 0.47 0.77 0.58 0.60

Concentración de Nutrientes en el follaje de Especies Leguminosas (bms)

Elemento (%) Trébol blanco Trébol rosado Alfalfa

N 4.42 3.40 2.94
p 0.38 0.27 0.26
S 0.29 0.21 0.27

K 2.26 2.07 1.65
Ca 2.10 1.84 1.82

M~ 0.18 0.21 0.15
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Elemento (ppm) Trébol blanco Trébol rosado Alfalfa
Mn 49 44 42
Zn 25 24 24

Cu 7.3 7.4 7.0
B 31 27 38
Mo 0.64 0.44 0.18

La concentración de nutrientes en especies forrajeras no tradicionales es de especial interés
en la comunidad científica internacional, dado la gran cantidad de trabajos que relacionan
estas especies con propiedades antihelmínticas y de aplicación de la agricultura limpia al área
ganadera. El plantago y la achicoria son especies que ya se comercializan en el mercado
mundial y en nuestro país el Instituto de Agroindustria ha sido una de las instituciones pioneras
en la evaluación del comportamiento productivo. La concentración de nutrientes en el follaje se
presenta en el siguiente cuadro.

Elemento (%) Ballica perenne Achicoria Planta~o

N 2.07 2.30 2.00
P 0.29 0.42 0.35
K 2.50 5.10 2.30
Ca 0.40 1.60 2.60

M~ 0.14 0.27 0.19

Relación entre el contenido de nutrientes en la planta y el Animal: La capacidad de
absorción de nutrientes en los animales depende del tipo de animal y el objetivo de la
producción. En producción de leche la excreción es alta y puede alcanzar mas del 95% del
nutriente consumido a través del forraje, así lo demuestran los antecedentes presentados por
Whitehead (2000).
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O/o Input Reserva Animal Output
Consumo Adsorción Total Disponible Fecas y orina Leche

g/día g/día g g g/día g/día
Ca 100 34 6,000 3 8 26
Mg 20 4 175 0.75 1.5 2.5
K 50 50 820 185 22.5 28
Na 20 20 700 35 6.5 13

Esta información es de gran relevancia para el desarrollo de los sistemas de producción
vegetal, dado que permite aplicar este conocimiento a los sistemas de producción en el país.

3. Itinerario Realizado: presentación de acuerdo al siguiente cuadro:

Fecha Actividad Objetivo Luaar
20 Presentación del trabajo Exponer los resultados logrados Queen Sirikit
Agosto "Effect of Boron Fertilier on en la investigación realcionada National
de Red Clover Seed Production con el efecto de la fertilización Convention Center.
2002 in Chilean Volcanic Soils" con diferentes dosis de boro en Bangkok-Thailandia

la producción de semilla de
Trébol rosado

14 a 20 Participación en los difrentes Capturar información en el área Queen Sirikit
de sympisium del congreso de la nutrición vegetal, National
Agosto mundial de las ciencias del incrementar el conocimiento Convention Center.
de suelo. científico tecnológico en el Bangkok-Thailandia
2002 manejo de micronutrientes y

promoción de Chile en la
comunidad científica como país
productor de semilla de Trébol
rosado.

4. Resultados Obtenidos:

Los resultados obtenidos en la actividad realizada en Tailandia, estan referidos a la
adquisición de conocimientos en el área de la producción vegetal y en especial, al reciclaje de
nutrientes y la generación de sistemas de control de manejo de nutrientes que tienen por
objetivo la obtención de una agricultura mas limpia y amigable con el medio ambiente. Este
tema que es recurrente en la mayoría de las presentaciones del congreso se reflejan en los
datos que se presentan a continuación en relación al balance de nutrientes, en especial
micronutrientes, que fue el objetivo principal de mi participación en el congreso.
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Relación entre la concentración de nutrientes en el animal y las plantas: Para desarrollar
modelos de balnaces nutricionales en los sistemas ganaderos es necesario conoccre la
relación entre la concentración de nutrientes en los animales y las plantas, en especial, en los
animales de tipo rumienates.

Macronutrientes

Elemento (%) Planta Animal AnimallPlanta
N 2.80 9.00 3.20
P 0.40 2.66 6.70

S 0.35 0.50 1.40
K 2.50 0.67 0.27
Na 0.25 0.50 2.00

Ca 0.60 4.66 7.80

Me 0.20 0.15 0.75

Micronutrientes

Elemento (ppm) Planta Animal AnimallPlanta
Mn 165 1.2 0.007
Zn 37 83 2.2
Cu 9 9 1
B 5 1 0.2
Mo 0.90 0.66 0.83
Se 0.05 1.2 24

La distribución de los nutrientes en los procesos productivos es de vital importancia para lograr
la definición de las pérdidas de eficiencia y los niveles de contaminación que se obtienen en
sistemas de alta concentración animal bajo pastoreo.

...,
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Nutriente Concentración Consumo Secreción Fecas Orina
Follaje g/día 25 kg Leche g/día g/día

% e/día
p 0.41 66 24 48 0.2
S 0.42 67 7 18 42
K 3.02 483 41 53 389
Na 0.37 59 10 9 40
Ca 0.61 98 30 68 0.5
M~ 0.23 37 3 31 3.0

Uno de los nutrientes de mayor utilización en los sistemas de producción es el nitrógeno, sin
embargo, se ha transformado en el elemento de mayor contaminación en los sistemas
ganaderos, debido a la alta excreción que este presenta en los sistemas ganaderos y alta
volatilización, lixiviación y pérdida por arrastre en las áreas de aplicación de altas dosis de
fertilizantes nitrogenados.

Tipo Animal Fertilización % N Follaje Bosta Orina Orina
~ N/ha/año bms ~N/ha~N/ha% N Excretado

Vacas 250 3.3 86 214 71
540 4.1 104 354 77

Novillos O 2.8 58 74 56
210 3.1 62 93 60
420 3.7 84 237 74

o
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Balance de Nutrientes: Uno de los puntos de mayor relevancia para el desarrollo futuro de la
investigación que desarrolla nuestra institución en el área de la nutrición vegetal son los
modelos desarrollados por diferentes investigadores en el área de praderas y pasturas, dado
que en la actualidad nuestra Universidad trabaja en forma activa a través del grupo de química
de sulos y manejo agronómico en nutrientes como azufre y oligoelementos. En este ámbito se
presenta a continuación el efecto de la aplicación de azufre en la ganancia de peso de
corderos alimentados con dos tipos de praderas.

Fertilización S (k~/ha)

Ballica O 45 90
0¡ó N Follaje 1.66 2.03 2.04
% S Follaje 0.14 0.18 0.2
N:S 12.3 11.3 10.3

Consumo k~/día 1.57 1.65 1.71

Ganancia peso 2/día 141 180 207
Ballica + Trébol
% N Follaje 1.12 1.17 1.24
% S Follaje 0.09 0.17 0.21

N:S 12.4 7.1 6
Consumo k2/día 1.3 1.27 1.58

Ganancia peso ~/día 32 88 113

En micronutrientes se presentaron trabajos relacionados con el balance de micronutrientes:
Mn, Se, Mn, Zn y Cu, en sistemas intensivos de producción de leche bajo pastoreo en
praderas manejadas con la mezcla Lolium perenne + Trifolium repens., cuyos resultados se
presentan en los siguientes cuadros.

9



Balance de Boro, Molibdeno y Selenio en
Pradera de Ballica perenne + Trébol blanco

B Mo Se
Inputs

Fertilización 6 7 0.3
Atmósfera 150 2 3

Reciclaje
Absorción Forraje 150 40 10
Consumo animal 120 32 8
Material muerto 60 16 4

Raíces muertas 60 20 3
Excretas 96 26 6.5

Output
Leche 7 0.7 0.2
Pérdida por lluvia 60 1 1
Pérdida por excretas 17 5 1.2

Ganancia/Pérdida en el suelo 82 2 0.6
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Balance de Boro, Manganeso, Zinc y Cobre en
Pradera de Ballica perenne + Trébol blanco

Mn Zn Cu
Inputs

Ferti lización 15 7 2
Atmósfera 100 700 210

Reciclaje
Absorción Forraje 1000 600 150
Consumo animal 800 480 120
Material muerto 400 240 60
Raíces muertas 1000 200 125
Excretas 540 405 110

Output
Leche 0.25 42 0.7
Pérdida por lluvia 2.5 2.3 0.7
Pérdida por excretas 95 70 20

Ganancia/Pérdida en el suelo 580 190 6

5. Aplicabilidad:

Los conocimientos adquiridos en el área de la nutrición vegetal y su relación con la producción
vegetal y animal tendrán una rápida aplicabilidad en Chile, dado que ya se esta trabajando con
estos nutrientes verificando el comportamiento de ellos bajo las condicones de suelos
volcánicos con riesgo de acidificación.

En praderas, el conocimiento de los balances de nutrientes nos permitirá dar exc¿plicación al
comportamiento animal, sometido a diferentes niveles de concentración de nutrientes en el
suelo y las plantas.
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La mayor aplicación estará dada en el área de la producción de praderas para producción
animal, rubro que debe competir en productividad, calidad y manejo de los recursos medio
ambientales, que son cada día mas exigentes en los potenciales países consumidores.

6. Contactos Establecidos: presentación de acuerdo al siguiente cuadro:

Institución/Empresa Persona de Cargo/Actividad Fono/Fax Dirección E-mail
Contacto

University Helsinky Helina Professor 3589191 Box 25, Helina.
Hartikajnene 58323/35 Helsinki, Hartikai

8919158 00014, nen@h
475 Finland elsinki.fi

Universita di Napoli Antonio Professor 3978852 Napol;, vloeant
Violante 08/39775 80055, Italia e@unir

5130 a.it
University of David Professor holmes
Waikato Holmes @Iandc

are
University of Pan Ming Professor (306)966- 51 Campus huangp
Saskatchewan Huang 6838/(30 Orive, @sask.

6)966- Saskatoon, usask.c
6881 SK,S7N a

5A8,
Canadá

7. Detección de nuevas oportunidades y aspectos que quedan por abordar:

Durante el desarrollo del congreso se hicieron contactos para continuar trabajando en el
estudio de la relación de micronutrientes y la producción vegetal orientada a la producción
animal y de semilla. Se espera en los próximos años organizar Congresos en el área de
nutrición vegetal y reciclaje de nutrientes, una vez terminados las investigaciones que nuestra
universidad se desarrolla en dicho campo.

8. Resultados adicionales:

En forma adicional, fue posible contactar a expertos en el área de los micronutrientes, con el
objetivo que estudiantes de post grado, realicen pasantía en sus laboratorios, con el objetivo
de potenciar el doctorado que posee nuestra universidad en recursos naturales.

9. Material Recopilado:

Se adjunta fotocopia de los principales papers que fueron consultados para realizar este
informe y las tapas de los libros adquiridos en los stand del congreso.
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10. Aspectos Administrativos

10.1. Organización previa a la actividad de formación

a. Conformación del grupo

__ muy dificultosa _X__ sin problemas

(Indicar los motivos en caso de dificultades)

b. Apoyo de la Entidad Responsable

__ algunas dificultades

_X_bueno

(Justificar)

__ regular malo

c. Información recibida durante la actividad de formación

_X_ amplia y detallada __ aceptable

d. Trámites de viaje (visa, pasajes, otros)

deficiente

X bueno- -- __ regular malo

e. Recomendaciones (señalar aquellas recomendaciones que puedan aportar a mejorar
los aspectos administrativos antes indicados)

10.2. Organización durante la actividad (indicar con cruces)

ítem Bueno Regular Malo
Recepción en país o región de X
destino
Transporte aeropuerto/hotel y X
viceversa
Reserva en hoteles X
Cumplimiento del programa y X
horarios

En caso de existir un ítem Malo o Regular, señalar los problemas enfrentados durante el
desarrollo de la actividad de formación, la forma como fueron abordados y las sugerencias que
puedan aportar a mejorar los aspectos organizacionales de las actividades de formación a
futuro.



4~;~~~~~~JtC?:h~A(
~

11. Conclusiones Finales

La participación en el 17° Congreso Internacional de las Ciencias del Suelo, permitió,
actualizar los conocimientos en el área de mi especialidad y desarrollar diversos contactos con
investigadores relacionados con el tema de la fertilidad de suelo y nutrición de especies
pratenses destinadas a la producción de producción forrajera y semilla.

12. Conclusiones Individuales:

En el 1yo Congreso de la ciencias del suelo participaron mas de dos mil investigadores y se
presentaron 64 symposium diferentes relacionados con las áreas de Física, Química, Biología
y Fertilidad de suelos, Nutrición de plantas, Génesis y Cartografía, Mineralogía, Tecnología de
uso del suelo, Manejo del medio Ambiente, Micromorfología, Conservación de agua y suelo,
Manejo de suelos salinos, Conservación de suelos forestales y Remediación de suelos

La mayor proporción de trabajos presentados tenían relación con la conservación del recurso
suelo y los alcances del incremento de la contaminación con nutrientes que habitualmente
incrementa la producción de los cultivos y praderas. La investigación desarrollada en el mundo
tiene una clara tendencia a la protección de los recursos naturales y a la disminución de la
fertilización, principal contaminante de las aguas subterráneas y océanos. Junto a lo anterior
se encuentran los procesos de remediación, cuyo objetivo principal es lograr un ambiente mas
amigable con el ambiente donde se desarrollaran las futuras generaciones de seres humanos.

Fecha: ~ . ~?' J.-002J

Nombre y Firma coordinador de la ejecución: _-+- +++-__+__

AÑO 2002

Marcela Gonzalez E
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Effect of Boron Fertilizer Q.n Red ;Clover 5eed Production in
Chilean 'Yolcailic_Soils- .._~.

.~ /

Rolando Oemanet f. and María d~_la Luz Mora G.
Universidad de La--Frontera, P.Q,'I'Box 54-O, Temuco-Chile

.' ',~ -f.&~:if.~ -~ -
errtajl: - ~f!mat\'~1ª>ufro.cl

INTROOUCTION (j~ .l~ \,. ,., /",·U .
,_" '" ;7 /-'

The Ninth Region, 37-39 ·S, 74 -71 ·W, has aclimate alike...,to thal."of temperates seeeJ.Af~winJl'areas of the world. Rain'all averages 1,400-2,000 mm per
.nnum. The two soil groups used for growing seed are classi~ as Ultiso1.AllItAndisof. UltisylS have phosphate retention o, aproximately 60 % and organic
matter o, approximately 9 %, whereas Andisols have high phosp~e rete"tion (approxi'!!ptély 90 %) and hlgh organlc matter (16-18 %). Trlfollum pr.tense
L seed production area reaches to 5,000 ha in Southern Chile and th~~Jd..-lSless than 300 kgha-'. The principal 'actor whlch regulates the crop
production 15 hlgh acidity condition in these 5OiI, hampering nutrient availability. Boron Í5 hlghly deficient In these soll. The Data Base o, Soll serva
Laboratory In the Universidad de La Frontera indicates that the 50 % o, 50ils have len than 0.5 mg kg-'. The availability o, boron to the plants generally
decreases with an Increase in soil pH, resulting in Iime-induced boron deficiency in some cases. Boron play an Important role In polllnatlon procen and
deflclency affects poi len germlnation and pollen tube growth In the plant. Boron Is also Involved In many other essentlal processa, Includlng the tranalocatlon
o, augar and other biochemicals, protein synthesis, nodule 'ormatlon in Iegumes and regulation o, cartlohydrate metaboll5m (McLaren and CAmeron, 1994)

OBJECTIVE MATERIALS ANO METHOOS
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Effect of Boron Dose on Red Clover Seed Productlon
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The research was developed in an Andisol o, Frelre serie with 0.32 mg kg-' o,
Boron and pH 5.5. A split plot dalgn with 'our replicate waa u5ed to evaluated
the effect o, 5 dosis o, boron 'ertlllzer. The dosi5 were O, 1,2,3,4 and 6 kg B ha'
l. Prevlously seedling the soil was Iimlng with 1 ton o, calcite. The experlment
was conducted by two years (1999/2000 and 2000/2001). The boron SOurce
was calcite boronatre applied In the fir5t year in the row and overcastted In the
second year.
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on Red Clover Seed Production
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The aim al this work was to determine thc boran fertilizer requirenlcnt.s
on Trifolíum pratense L. sced production growing in tlolcanic iJshes
der;ved soils.

CONCLUSIONS
The result Indicate a very good relationship between boron dosis and yield. 111 the fi....t year the maximum average ylekl was 1,096 kg ha-1 wbea It waa apply 6
kg of B ha-l. With the same dosis in the second year the average yield wa5 1,401 kg ha-l. The yield ¡ncrease from 24% to 73% wlth the boron rate 'rom 1 kg
ha-1 to 6 kg ha-1 reaching In the soil over 1 mg kg-l . The ¡ncrease boron in the soil depend the Interactlon Ilmlng and boron rate and al50 of plant density and
row distance •
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Preface

This book is con cerned \Vith the various chemical elemenrs thar are
nutrienrs for either plams or animals. /ts priman' objective is [Q brin~

rogether information on the concentrations and main transforl1lations of

these elements in soils, in grassland plants and in ruminaIH anil1lals. The data
are restricted ro those relevant ro the grassland areas of temperate regions:
data from tropical grasslands are not included. For each elel1lent, attel1tion
is given ro its forms and availability in soils, its uptake and distriburion in

grassland planrs, ies role in animal nutrition and the alllounts and forllls
excreted by grazing animals. The influences of soil, pianr, weather and
managelllenr faclOrs on the concemrations of ehe elel11ents in grassland
herbage are described and the concemrations related ro the needs of rUl1linam

anilllals, particularly catde and sheep. In addition, typical annual balances of
the inpurs and outpurs of each elemenr, on a per hectare basis, are estimated
for both intensively managed and extensively managed grassland.

The book will probably be used mainly as a source of reference, and the
way in which the chapters are subdivided and the extensive Jist of references
are intended ro facilitate this type of use. Readers are assumed ro have a basic

knowledge of soil science and planr and animal physiology, but a glossary of
sorne of the more speciaJized terms is included. For the sake of brevitv,
chemical symbols of the elemenrs are used in the text and, although aH d~e
elements ohcn occur as ions, the electrical charge (+ or -) is indicated onh'
where there is specific reference ro the ionic formo

In compiling this book, 1 have drawn partly on information gathered
during a period of more than 25 years spent at the Grassland Research
Institute, Hurley, UK, until its closure in 1992. Since that time, secondment
from the North Wyke Research Station of the Institute for Grassland and
EnvironmemaJ Research and a subsequent Fellowship in the Department of
Soil Science at the University of Reading have provided access ro the
University Library, which has been a major source of additional information.

xiii
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PLENARY SESSION KEYNOTE LECTURE

URUSHADZE Tengiz F.
Presiden! ofGeorgian Soil Science Society, Georgia, Tbilisi

"Soil is the pellucle of life on the earth. Preservation of soils for the
current and future generations is a difficult but honorable task. There
is no life without soil, just as there is no soil without a soil scientist."
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Soils in space and time:
realities and chaUenge for the 21st century

URUSHADZE Tengiz F.

Georgian Society of S6il Science, 52, Rustaveli ay. 380008 Tbilisi, Georgia

Abstract
Soil is an essential part of the biosphere. üwing to the soils major mass of

organic substances are produced on land. Soils are the basis for land plantations
which use solar energy 9 times as intensively than ocean organic substances.
Many significant elements in the biosphere flow through the soils: carbon,
oxygen, nitrogen, potassium, magnesium, phosphorus, sulfur etc. The main
peculiarity of soils is to accurnulate organic substances, various chemicals as
well as energy. Soils function as biological adsorbent, distracter and neutralizer
of different pollutants.

Soils as natural-historical body have two altemative ways of development:
1. Natural or
2. Anthropogenic
For the natural development of soils a period of one hundred years is

immaterial and may not cause radical changes of soils and soils cover.
More important way of development is the anthropogenic one. As a rule

this way is negative and is connected with the influence of different extents on
soils. This leads to the violation of natural processes, degradation and final
destruction.

In the process of scientific and technical progress, development and
opposition of different political systems, permanent bloody conflicts our planet
has considerably changed its appearance. The 20th century was the era of
spontaneous, planes and scientifically ungrounded stage of development of our
civilization.

In the 21 SI century no natural drastic changes of soils in time and space are
expected. But anthropogenic changes of soils may be intensive. This process is
extremely negative today and beyond our control. Decisive measures must be
taken in this direction.

The first stage-the world database on the conditions of soils and soils cover
must be created.

The second stage-to systemize world experience of soils protection and
their rational use.

The third stage-to organize effective worldwide monitoring of soils and
soils cover.
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Keywords: Anthropogenic changes, soil degradation, soil protection, soil
function, world soil dalabase

Introduction
Soil is an essenlial parl of lhe biosphere. Owing to the soils major mass of

organic substances are produced on land. Soils are the basis for land planlalions
which use solar energy 9 times as inlensively than ocean organic subslances.
Many significant elements in the biosphere f10w through the soils: carbon,
oxygen, nilrogen, polassium, magnesium, phosphorus, sulfur etc. The main
peculiarity of soils is to accumulate organic substances, various chemicals as
well as energy.

Soils function as biological adsorbenl, distracter and neutralizer of di fferenl
pollulanls. According to Kovda (1989) soil is an indispensable parl of lhe
general mechanism of the biosphere. If lhis biosphere link is destroyed then lhe
biosphere funclioning will be considerably violated. Soil cover is a "life screen"
as an ozone screen of stratosphere.

Soils as natural-historical body have two alternative ways of development:
l. Natural or
2. Anthropogenic
For lhe natural developmenl of soils a period of one hundred years is

immaterial and may nol cause radical changes of soils and soils cover.
More importanl way of developmenl is lhe anthropogenic one. As a rule,

lhis way is negative and is connecled wilh the influence of differenl exlenls on
soils. This leads lo lhe violalion of natural processes, degradation and final
deslruclion.

In lhe process of scienlific and technical progress, developmenl and
opposition of different political systems, permanent bloody conflicls our planel
has considerably changed ils appearance. The 20th century was the era of
spontaneous, planes and scientifically ungrounded stage of developmenl of our
civilization. According to Vernadsky (1926) biosphere has tumed inlo
noosphere - the sphere of mind and anthropogenic press.

The 20th century was the era of considerable decrease of natural soil areas.
Soils of the world differ according to their histories and the speed of soil

formation (Lobova and Chabarov, 1983).
More ancient soils are formed in a tropical zone. According to Leneuf

(1959) the formation of one meter of soil pedosphere in tropics takes 20-77
milleniums. The soils in tropics vary according to the extent of weathering.
Tropical soils are ferrallitic, kaolinite and Íron. The general properlies of soilss
are acid reaction, low adsorbing capacity and desaturation, fulvates, weakly
polymerous humus, a small amounl of mineral reserVes. Soils are also
characlerized by intensive accumulation of kaolonotes on ·acid rocks and slow
accumulalion - on basic rocks.
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Since the Tertiary period tropical soils areas have been decreasing. This is
proved by kaolinite derivatives and laterite soils not only in subtropical, but in
boreal and subboreal zones as wel!. Though even nowadays tropical soils are
considered as the most spread type in the world. For example, allitic and
ferrallitic acid soils of humid tropical c1imate make 15.83 percent of lhe entire
land on our planet, while shallow acid and neutral soils of dry tropical climate
occupy - 7.74 percent.

Sublropical zones inherited from products zones allitic and mainly kaolinite
products of weathering, which are not ferlile and are resistant to weathering.
Wide zone of subtropics is especially developed on Eurasian continenl. The soils
cover of lhe subtropical zone is quite diversified, due lo lhe facl thal the
intensity of weathering is not high enough to smooth oul rock influence.

Subtropical zones are the territories where agriculture has existed for
milleniums. The influences the development of soil erosion and deteriorales soil
properties.

Subtropical soils are mainly used under food and industrial crops.
Subtropical soils occupy a considerable part of the land. For example,

fersiallitic acid, less frequently neutral soils ofhumid subtropical c1imale occupy
3.42 percent of the entire land on our planet, while neutral and weakly leached
soil of dry subtropical c1imate occupy - 5.46 percenl.

Subboreal zone mainly embraces young soil zone formed in posl-glacier
epoch or a bit earlier in Pliocene. Subboreal zone is spread in Western America,
Easlern Europe, Central and Eastern Asia. lt involves steppe, semi-desert and
desert soils. The main characteristics ofthese soils are isohumus profile, humate
humus, weak weathering of the mineral parl of soil profiles. This zone also
occupies considerable areas. For example, neutral or leached soils of subboreal
moderate wann c1imate occupy 5.25 percent ofthe entire land.

Desert zones occupy considerable areas in Africa, Australia, Central Asia
and Middle East. Comparatively small areas of deserls are observed in South
America. In this zone fully developed soils are formed both on more ancient
surfaces and on alluvial rocks; on solid rocks c1ay crust of the same content is
fonned. Carbonate salinized desert soils occupy 6.22 percent of the entire land
of our planet.

In the borreal zone soils are mainly formed under forests and marsh plants.
The age of these soils is 5-10 milleniums. Acid and low acid soils of borreal
moderate cold c1imate occupy 8.47 percent ofthe entire land, while acid frosting
or frost soils of borreal cold c1imate occupy 3.19 percent.

Soils of subarctic and arctic zones are generally full of base saturation,
mainly carbonate and salinized, low capacity and stony. These soils occupy
considerably small areas - criogenic neutral and shallow acid and acid soils of
subarctic c1imate - 2.63 percent of the entire land.

AII the aboye refers to the natural ecosystems and considerably virgin soils.
Unfortunately, we witness an intensive process ofthe destruction ofecosystem.
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ExportIpc:r apila Importlper capi...

,
Period Grow, million peop1e Time of doubling

lhe number, years
7000- 4500 BC from 10 lo 20 2500
4500 - 2500 BC from 20 lo 40 2000
2500 - 1000 BC from40 lo 80 1500

for heating. Cuttings of wood in many couniries prevail annual increase of wood
biomass. Thus, about 140 million people in 30 countries suffer from food and
fuel shortage. Wood cuttings for heating is an essential factor causing erosion
and desertification of soils. Low soil fertility, famine, lack of fuel, insanitary and
extreme poverty are main reasons for low life expectancy, high mortality rate
both of adults and infants in many developing countries.

The population of the world and the rate of its growth is permanently and
systematically increasing (Tables I and 2).

In 1982 the average rate of increase was 146 people per minute i.e. 77
million per year. In 1986 total number of population amounted 5 billion, in 1993
- 5.5 billion, in 2000 - more than 6 billion, by 2025 it will reach - 8.5 billion, by
2050 - 12.5 billion.

In 1990 the majority of the population was rural, by 2030 urban population
will have exceeded rural population twice. By 2100 population of Africa will
have increased 6 times compared with 1985, population of South Asia - 3.5
times, Latin America - 3.2 times, North America - 1.3 times, Europe - 1.1.

Figure 1 The world export-import of corn (% from produced).

Table 1 Population ofthe world (Baade, 1968 in Agroecology 2000)

Forests are cut down on vast territories. Besides many forest ii] the world
disappear due to mass destruction of trees. Besides Africa desertification
involves sorne regions in South America and South-East Asia. The process of
salinization of irrigation soils is strengthened and extended. Most of the rivers in
the world are mineralized and polluted. Deforested mountain slopes, fields,
pastures, plains are destroyed by torrents, landslides, erosion, f100ds and
sediments. Total number of nature disasters of various types doubles every 20
years, consequently increases the number of victims. Infant mortality and
various diseases (cancer, lungs, heart) have become more frequent. The
investigations have shown (Elinder, 1999 in Agroecology, 2000) that
irnmigrants from England to the USA get diseases with this disease is much
more frequent. In the USA heart diseases make 35 percent due to the high
content of ca (Beevets el al.. 2000, in Agroecology, 2000). Military operations
have permanent character in many countries ofthe world.

The role of soils and soil cover in the biosphere is constantly increasing.
Soil cover is an ecological niche, asylum and place of concentration of organic
substances. The plant in the ecosystems with soil cover annually state nearly
n.1 O17 kcal of chemically active energy. Soils themselves accumulate and retain
as organic substances about n.1019 kcal energy. Soil and plant covers retain the
accumulated energy in humus, peat, sapropel and carbons for hundreds,
thousands and millions of years. According to Kovda (1989) energy of humus
and debris serves as a base of existence and soil-forming activities of animals
and microorganisms as well as the basis of soil fertility. Soil and plant cover in
the process of their development acquire the ability to fix air molecular nitrogen
and tum it into amino acids and albumens.

The formation ofbiomass is followed not only by the fixation of clemically
useful energy but by the mobilization and carrying-out to the surface and to
upper horizons huge masses of chemical elements and compounds.

The role of soils is very important in earth hydrological cycles and
hydrosphere, in the gas regime of planets and the forrnation of air composition.
Photosynthesis, connection of carbon dioxide, nitrogen fixation, emission of
oxygen, hydrogen, denitrification, respiration, oxidation and the age of the part
of carbon dioxides in air - all these processes, characteristic for soil and plant
cover ecosystems, determine both minor local and global cycles.

AII the components of biosphere and major biochemical processes are
closely interrelated. Soil cover is a special cover of our planet and is a vital link
in the bioenergetic balance of the biosphere.

In the second half of the 20th century production of corn per capita
decreased in sorne countries of Africa and Asia. As a result processes of import­
export became more intensive (Figure 1). In the middle of 1980s total amount of
export by western countries reached 200 mili ion tons per year.

In most countries of Africa, Asia and South America the only available
means of heating is wood. More than 1.5 billion people in the world use wood

6 7
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1000 - OBe from 80 lo 160 1000

0-900 AD from 160 lo 320 900

900 - 1700 [rom 320 lo 600 800

1700 - 1850 from 600 lo 1200 150

1850 - 1950 from 1200 lO 2500 100

1950 - 1990 from 2500 lO 5000 40

Bctween 1965 - 1970 lhe rale of lhe growlh reachcd Ils maXllllum In the h1StOry of
mankind - 2.1 percenl per year.

Table 2 The dynamics of the population growth (milIion people) in the second
half of the 20th century (Brown, Kane el al., 1994 in Agroecology,

2000).

Years The whole world

1950 2555

1955 2779

1960 3038

1965 3345

1970 3704

1975 4086

1980 4457

1985 4856

1990 5295

The increase of population and food problem are interrelated. This problem
is connected not only with the biosphere reserves but social and polItlcal

problems as well.
Unfortunately the reserves of arable lands are decreasing, cultivation of

new lands is rather difficult due to unfavorable c1imatic conditions and hard

relief conditions.
In 1980s the decrease of the area of irrigated lands per capita was observed;

from 0.053 ha in 1980 to 0.049 ha in 1990. The difference in the level of feed is
very noticeable. More than 1 billion people live in extreme poverty~ hundreds of
millions are starving. Surnmary on food in different part ofthe world I~ m Table 3.

According to FAü data the increase of gross harvest of coro m the world
till the middle of 1970s was by 75 percent due the grow of agricultural crop
harvest and the expansion of sowing areas - by 25 percent. In the followmg
years the growth of food production was conditioned by 90 percent, due to the
growth of agricultural crop harvest and only by .10 percent due to t~e e.xpanslOn
of sowing areas. Although in 1950-1990 provlslon of coro per caplta mcreased
by 40 percent, in the following years it beg~n to. decrease: World stock of coro
considerably decreased. This led to the pnce nse m the .world market at the
beginning of 1990s. As a result average food c~nsumption per capita in the
countries of Africa decreased by 17 percent, in Latm Amenca - by 7 percent.
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Table 3 Food in different parts ofthe world (Agroecology, 2000).

Region Consumption per capita per day
Food stuff in whole Protein, t

Asia 2244* 55.3
161** 9.6

Africa 2238 56.8
171 12.2

West Europe 3327 95.2
1042 51.8

USA 3514 10.5
1301 71.0

South America 2541 65.5
453 27.9

* - in numeral- total amount offood slUffand protein,
** - in denominator - the same of animal origin

At the conference of the UN dedicated to the issues of environl1lent held in
Rio-de-Janeiro in 1992 the represenlalives of 179 countries worked out "The
agenda for the 21 SI century". lt noled lhe necessity of the realization of two ail1ls
- high quality of the environment and slrong economy for all lhe nations of lhc
world.

By the year of 2000 annual increase of corn harvest made about 1 pcrcent,
it is supposed that in 2000-2030 more than 40 milIion ha land will be withdrawn
from the agricultural turoover (3 % area under coro from the end by 1990s). In
the countries of European economie community the reduction wiII make about
50 percent.

At the worldwide summit on the problems of food stuff (Rome, 1996) the
participants noted that 800 mi Ilion people in the world regularly are underfed.
The problem of food stuff can stiII be solved. In China where population makes
22 percent of the entire population (more than 1.1 billion people) and the share
of arable lands makes only 7 percent of the total arable land in the world the
problem of food stuff is being reasonably solved. China occupies the first place
for the gross production of wheat (100 million tons per year).

The population of the world is constantly increasing, hence the problem of
food provision remains stiII urgent. Production of food-stuff in the world is
permanently increasing though in many countries food provision is very pOOL

Increasing number of population results in higher demand for food. The
lalter causes great anthropogenic influence on the nature and ecosystem.

The most ancient way of using natural resourees on the earth is malú
agricultural activities. Man tries to consume natural resources to a greater and
greater extent. This is the only way to meet the increasing demand for food-stuff
in the world. As a result man is violently disturbing ecological equilibriul1l of

9
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nature formed during millenmums. In the 20th century man's intrusion into
nature became even more severe. The process of forest cuttings became more
intensive, the area of ploughed lands increased, new gigantic hydrotechnical
constructions started to appear at a higher rate, the amount of chemicals
(fertilizers, pesticides) applied in plant growing increased, pastures were also
greatly affected. As a result the process of degradation and pollution of soil
cover has intensified. Man' s inf1uence on nature and soil has tumed into a
global inf1uence on the entire biosphere.

According to the data the production of food stuff per capita has increased.
Though in many countries of the world hundreds of mil1ions of people are
underfed and hundreds of lhousands die lo hunger. At the conference of the UN
dedicaled to the environmenl and held 10 years ago il was noled lhal 1.1 billion
people in lhe world eamed less lhan 1 USD per day. The conference stated lhat
the model of the nalional developmenl of advanced countries was destruclive for
our planel.

In different parts of the world the living conditions of people varies
considerably. The poinl is lhat historically formed soil and climalic zones and
higher belts in the mountains possess diversified conditions for plant growing.
To receive sufficient amount of food stuff basical1y depends on soil and climatic
conditions.

The lotal area ofthe continents on our planet makes 14.8 billion ha, among
lhem arable lands and perennial planls occupy 1.5 bil1ion ha (aboul II %),
pastures - 3 billion ha (about 22.3%) and forest - nearly 4 bil1ion ha (30%). The
resl of lhe land - moors, sands, badlands, rocks, glacier, etc make 4.9 bil1ion ha
(36.6%). The aboye figures makes it possible to judge only general picture of
land utilization. This picture varies on the continents and in the countries due to
the different natural conditions and socio-economic systems of the countries.
Though, the main changes in the structure of land utilization take place as a
result of expanding farming activities by the increasing population of the world,
growth of the number and size of cities and other populated areas. It has been
stated that annual loss of arable lands in the world makes from 5-6 to -9 mil1ion
ha. Their replenishment for agricultural needs is made mainly at the expense of
forest cuttings and ploughing natural pastures.

To maintain life of one person on average requires 1.75-2.00 ha, among
them 1.2 ha pastures and hay fields, 0.46 ha agricultural fields (to feed on), 0.07
ha forest (to absorb carbon and produce oxyden). Besides man needs different
types of living accommodations and premises (0.01 ha), the infrastructure also
takes 0.01 ha (roads, electric transmission lines, cornrnunication etc.)

On average 3 ha comes per capita in the world. Arable land per capita in
the USA makes 0.7 ha, in Hungary - 0.5 hectares, in France and the Netherlands
- 0.3 hectares each, in Russia - 11.5 hectares, in other countries of CIS - 3 ha.
The effectiveness of use of every ha varies in different countries. For example,
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in 1986 in India 16 tons of com was received per 1 ton applied mineral
fertilizers, in China and the USA - 18 tons of com, while in the USSR - 8 tons.

In sorne countries of Westem Europe the process of soil degradation has
been due to balanced doses of organic and mineral fertilizers, against erosion
and other soil protective measures (Kuznetsov and Glazunov, 1996).

As a result of human activities the growlh of population causes lhe
permanent increasing loss of arable lands. The most sensitive lowards differenl
types of anthropogenic inf1uence proved to be weaker ecosystems in hot, arid
and semiarid regions and farming territories in tundra, forest-tundra as wel1 as in
high mountainous zones with short vegetable periods. Hence, the mosl
vulnerable soils are the fol1owing: arctic hums, cryplogenic, cryplopodzol,
tundra mor-like glei, tundra eumulosol, high mountain, cinnamonic, grey­
cinnamonic, grey-brown desert, reddish prairie, reddish-brown forest, reddish­
brown (sleppe), paved, humus calcareous, andosols etc.

The extent of inf1uence on the natural ecosystems - ploughing new
territories, erosion and def1ation of soils, salinization, drying and pollulion with
chemicals (pesticides), soil compaction with heavy mechanisms while
processing - is the same as other anthropogenic inf1uence such as forest cuttings,
pollution of atmosphere and oceans.

About 950 mi Ilion hectares or ane third of cullivated lands in lhe world is
characlerized by high salt concentration. Besides, 120-150 million heclares of
irrigated land were salinized for the second lime and deserted (Egypt, India,
!ran, China, USA, Mexico). In the GIS half of lhe 20 million ha irrigaled lands
lost their fertility due to salinization. In African countries lhe loss of agricultural
lands is in liniar dependence on the growth of population.

Salinization, erosion, degradation and exhaustion of soils lead to the
increasing loss of the productivity of agricultural lands, which in many
countries, particularly in developing ones (Mexico, Costa Rica, Mali, Malawi
etc.) reach 0.5-1.5 percent oftheir annual gross national producl.

Forest ecosystems occupy nearly 30 percent of land. Forest play essential
role in the ecological equilibrium of biosphere as well as in the protection of
soils and soils cover.

Total area of forests on the earth is more than 4 billion ha (among them 3
billion ha c10sed forests) (Table 4). More than half of them is tropical and
subtropical forests. Forests grow on all the continents except Antarctica.
Though, their distribution on our planet is not even.

According to the UN-ECEIFAO contribution lo the Global Forest
Resources Assessment (2000) average changes of the territory under the forests
between 1990-2000 is shown in Table 5.

1I
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Table 6 Indexes and criteria recommended for estimation of ecological
condition.

deforestation is thus a result of rapid; planned or large-scale conversion to other
Iand uses, mainly agriculture.

Decrease of forest areas has severaI reasons: natural aridization and
desertification (very few rains), rise of acidity of toxic matters of anthropogenic
origin in. airo The main reason is forest cuttings, using wood for heating,
buildmg, mdustnal raw matenals etc.

The most urgenl problem is the influence of technical progress on soils.
Each year biosphere loses its active parts as well as territories with plants and
soils producing biomass, and oxygen and tuming carbon dioxide into biological
nitrogen. The process of urbanization is also worth mentioning. In the middle of
the 20

th
century there were 15 gigantic cities with the population 7-8 milI ion

people, 190 cities with about 1 million population and more than 25 million
to.wns: !'i0wadays a new term "hyperu:banization" has entered the vocabulary.
BIg cltles lllterflow. SuperagglomeratlOns and conurbanizations have already
formed. In the near future the number of such huge cities will exceed 150.

A city is the most developed form of space organization. It is an industrial
and social infrastructure with communication systems, wide range of
professions, education etc.

As a result of urbanization it is impossible to meet biological demands of
population. A city. changes all the natural components - atmosphere,
hydrosphere, sod c1llnate, plants etc. In big cities physical conditions are
deteriorated. Solar radiation is 15 percent less here, average wind speed
decreases by 25 percent, the temperature is 1-5 percent higher etc.

In large cities medical and demographically indexes are considerably
changed.

The following criteria (Table 6) are recommended for the estimation of
ecologicaI conditions of urban territories m the Russian Federation
(Agroecology, 2000):

Any urban area IS a source of great amount of industrial wastes (raw
materials wastes, food production wastes) and consumption wastes (domestic
wastes) (Table 7).

Zone

Extreme ecological Ecological disaster
situation

1.5 and more times
1.5 and more times
2 and more times
3 and more times
20 % and mOre

\.3-1.5 times
1.3-1.5 times
1.5- 2 times

about 3 times
\O - 20 %

Indexes

Mortality growth
Infant diseases
Analogous diseases
Genetic disturbance
Children with mental disorders

Continent Annual changc Annual change rate (%)
(thousand ha)

Africa -5,262 -0.78
Asia -364 -0.07
Oceanic -365 -0.18
Europe +881 +0.08
North and Central America -570 -0.10
SouthAmerica -3,711 -0.41
Total World -9,391 -0.22

Forest arca changes 1990-2000 in tropical and non-tropical natural forest (million ha /)
Domain 'el change

Tropical -14.2
Non-tropical +1.7
Global +12.5

1948 1963 1980 1990 2000
Global forest cover 4.0 3.8 3.6 3.4 3.9*
(in billion ha)
*95 % - natural forest and 5 % - forest plantations.

The overall area of forest plantalions increased by an average of 3.1 mili ion
hectares per year during lhe 1990s, including the 1,5 million hectares converted
from natural forest and 1.6 million ha of afforeslation on land previously under
non-forest land use.

According UN-ECE/FAO contribution to the Global Forest Resources
Assessment (2000): in Latin America, large scale direct conversion of forests
dominates. It also dominates in Africa, bul on a smaller scale. In Asia, lhe area
of gradual conversions is equal lo the direct conversions from foresls lo other
land uses. Al the global level, direct conversions dominate the picture,
accounting for about three-quarters of the converted area. Most tropical

Table 5 Average changes ofthe territory under forests.

Table 4 Total data about forests in the World (Forest Resources, 2000).

Continents Forest areas million ha Timber resources billion m3

Forest Covered with Total Among them conifers
forest

Euroasia 1,615 1,388 137 83.0
Africa 800 760 35 0.5
Australia 96 92 5 0.3
North America 750 630 59 40.0
South America 800 750 123 3.0
Whole world 4,061 3,620 359 126.8
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Table 7 Production of solid wastes in different countries (Agroecology, 2000).

Country Per capita, kg Total, 106 t

Both types of wastes are the main source of biotic, mechanic, chemical and
other kinds of pollutants. .

Among main types of wastes such as solid, liquid, gas and energetlcal, the
significant place is occupied by solid domestic wastes.

Solid domestic wastes are dispersed negative factor, when moved away
from urban areas they tum into a concentrated factor of negative influence on
the nature.

In the cities with 1 million population after consuming 625 thousand tons
of water 2 thousand tons of food stuff and 9.5 thousand tons of fuel per day 950
tons of ~as, 570 thousand tons of liquid and 2.5 thousand tons of solid wastes
are formed.

Wastes occupying vast areas are the sources of soils first of al! as well as
atmosphere and water. .

About 29 percent of refuse is bumt on the earth, more than 60 ~ercent IS

dumped, 4 percent is composted and about 6 percent are processed dlfferently
(Table 8). . .

Another destructive factor causing the decrease of sOlI and blOsphere
fertility is desertification or aridization.

The primary form of aridization is high dryness, increase of surface runoff,
deepened groundwaters. The following stage of aridization involves frequency
of droughts, decreased precipitation, risen average temperature and others.

Table 8 Refuse utilization in different countries (Agroecology, 2000).

Natural deserts are widely spread on the earth. Their total area varied
during the Quatemary epoch having the tendency to increase. This is the process
ofnatural desertification of former meadows, prairies, steppes, alluvial plains.

According Kovda (1997) the process of desertification involves
considerable decrease of fertility of semiarid and subhumid landscapes to the
level of desert fertility. The following processes also take place; changes in plant
cover (substitution of species, plant sparseness and final disappearance of plant
cover), animal world (changes in the composition and number of animals) and
especially in soil cover (deflation, salinization, washing etc.). .

Dry climate of desert is spread on 37 percent of land, whIle actual area of
desertic soils and plants reaches 43 percent. On about 6 percent of land area
(more than 9 million k.m2) temporary soil and plant conditioned do not coincide
with the c1imatic ones and al! this has an anthropogenic nature. Besides, there
are also areas of partial desertification. High speed of desertification is observes
along the south border of Sahara Desert.

It was proved long ago (Pabot, 1960; Kassac, 1970), that al! the deserts of
the Near East are manmade. Vast territories in the Lebanon, Syria, Egypt,
Tunisia were under plant cover 2-3 mil!eniums ago but now they are semideserts
and deserts. Destruction of plant cover in semiarid and arid regions is the result
of its use not only for cattle but for heating as well. It has been stated that in arid
zones of the world about 1.5 bil!ion heads of cattle graze. This cattle grazes in
extremely weak and unsteady ecosystems of the world. The major way out is to
regulate the process of grazing.

In particular arid zones do not occupy vast territories, but they are areas
with permanent possibility of droughts, for example 10-15 percent (i.e. 10-15
years per century). If we consider them as the areas with variable aridization
then the total area together with the zones of stable aridization will make 50-60

lO
O
1
O
O
2
1
O
9

41

processes
differently

0.0
0.0
0.0
4.0
2.0
1.5
2.0
19.0
8.0
5.5

82.0
98.0
93.0
64.0
18.0
24.5
69.0
76.0
47.0
35.0

8.0
2.0
6.0

32.0
80.0
72.0
28.0
5.0

36.0
18.5

USA
Great Britain
Canada
Denmark
Switzerland
Japan
Germany
Spain
France
Italy

Country Refuse share, %
bumt dumped composted178.0

10.0
16.0
6.5
2.0
2.5

18.0
41.0
18.0
19.0
2.5

10.5
15.0

1.7
2.5

744
681
635
449
423
383
355
344
327
318
317
275
263
228
211

USA
Australia
Canada
Holland
Denmark
Switzerland
Great Britain
Japan
France
Germany
Sweden
Spain
Italy
Austria
Portugal
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percent of land. rhe number of countries interested in the solution of the
aridization problem reaches 70-80. Historic tendency of desertification is well
observed on the example of the climalic history of North America (Darrow,
1961) (Figure 2).

On this continenl from lhe end of lhe tertiary period and especially in
pleislocene and holocene the lerrilories occupied by deserts and semideserts,
savannas and steppes considerably increases. Moreover, il is believed that in
various period the level of aridity was even more than now.

It has been stated that in the third millenium B.e. the borders of the Arctic
and Subarctic were much more northem.

Besides powerful anthropogenic factor, land aridization, according to
V.Kovda (1977), is also inf1uenced by natural factors: 1) progressive decrease of
groundwater level, 2) slow general tectonic rise of plains, 3) the increase of
draining role of rivers, 4) the rise of borders of permanent snows in mountains.
According to the National Academy of the USA (1985) tbe variation of average
annual precipitation has a negalive inf1uence on land. (Figure 3).

rhe process of aridization encourages intensive use of ground waters for
domestic, industrial and transport needs.

rhe process of aridization is facilitated by dust storm the number of which
is rising catastrophically. In the 18th century lhe number of dust storms was 7
times as more than in the 17th century, while in the 19th century it was 3 times a
more than in the 18th

. Such an intensive growth of dust storros is closely linked
with the disappearance of planlations. Wind erosion causes the complete
destruction of soil cover or its more fertile higher horizons.

Arid zone soils are relict soils. Their absolute majority was formed in
different natural conditions - as a result they are nol stable and their equilibrium
is very conditional. They are easily inf1uenced by anthropogenic factors and are
easily destroyed.

Anolher serious problem is the problem of secondary salinization of soils.
This is tbe problem facing the Near East and the Middle East, Middle Asia,
rranscaucasus, Latin America, North America. lt can be explained by absence
of draining or poor drainage systems, poor quality of irrigation waters etc.

Soil is a complicated system. lts main functional components are living
organisms.

Soil cover is an independent component of the earth - the pedosphere. Soil
is the product of the joint influence of climate, plants, animals, microorganisms
on geological species. Complicaled process of synthesis and destruction of
organic substances as well as circulation of different e\ements, decomposition of
injurious substances, etc take place in soils. The following phases are
interrelated in soils solid, liquid, gas and organic.
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1 - subtropical forest; 2 - forest of moderate warm climate
3 - subtropical savana; 4 - forest of moderate climate; 5 - dry fores!
6 - grasses; 7 - polar and subpolar zone; 8 - desert

Figure 2 The changes of lhe main species of vegetation (Darrow, 1961).
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Figure 3 The changes of average precipitation (% from norm) (National
Academy ofthe USA).
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Table 9 Ecological consequences ofanthropogenic changes in soils (Rozanov
and Rozanov, 1990).

At the beginning of 1990s total annual amount of heavy metals in
atmosphere caused by different industrial activities in North America and
Europe made: lead 370 thousand tons (among them due to etiolated petrol - 280
thousand tons), arsenic - 31.2 thousand tons (ferrous and non-ferrous metal
industries, glass production, cement production), cadmium - 7.6 thousand tons
(non-ferrous metal industry 6.2 thousand tons) etc. In non-ferrous metal industry
while producing I ton production 40-60 kg lead, about 3 kg arsenic, about 280 g
mercury and 13 g cadmium is dispersed in the atmosphere.

The major function of soils is to provide life on the earth. Realization of
this function depends on the composition of chemicals in soils in available
forms. Essential biogenes (carbon, nitrogen, phosphorus, potassium, calcium
etc.) are involved in soils.

Soil regulates the flow of substances in the biosphere. It also regulates
biological and geological circulation of elements in the biosphere.

The most significant global function of soils is to accumulate in the upper
part mantle ofwaste connected with it with the chemical energy.

Soil is essential in agriculture and is a basis of agroecosystems. Soils
provide mankind with about 95 percent of all the food stuff. Soil is a living
space giving life to different living organisms.

Soil is a mechanic basis of all the plantations growing on it.
Analyzing the importance of soils in eco- and agroecosystems it is also

worth mentioning that its abilities are limited. Soil functions can be violated by
man 's activity (Table 9). One example of this is soil sickness. Such soils do not
provide effective agricultural harvest. This is the result of permanent cultivation
of the same crop on one and the same area. In such cases different toxic
substances are accumulated in soils. These substances are secreted from the
plant roots and microorganisms.

Total area of soils exposed to destruction and degradation during the whole
history of mankind makes 20 million km2

. This is more than total area of
temporary arable soils of the world O 15 million km2 At the UN Conference on
the Environment and its development the participants noted that the extreme
degradation of soils was observed on 1 percent area, strong - 15 percent,
moderate - 46 percent and weak - 38 percent. Degradation of soils is caused by
water erosion by 56 percent, 28 percent - by wind erosion, 12 percent - by
chemical degradation and 4 percent - by physical degradation. The X l X special
session of the General Assembly of the UNO (June 1997) adopted the program
for further activities to realize "The agenda for the 21 sI century". This program
involves sustainable use and protection oflands.

Deterioration of soils resources and decreasing fertility of soils threaten the
lives of millions of people and food safety in future as well as water resources
and maintenance ofbiological diversity.

Heavy metals are main pollutants from the view ofilie pollution extent and
inf1uence on biological elements. Many of them are necessary for living
organisms, though as a result of intensive atmospheric dispersion in the
biosphere and considerable accumulation in soils heavy metals become toxic
(Tables 10 and 11).

Anthropogenic infiuence

Agriculture on border areas of different
landscapes

Irrigated agriculture in arid and semiarid
zones

Irrigated agriculture in subhumid
conditions

Non-balanced (irregular) application of
chemical fertilizers

Application ofbiocides in agriculture

Agricultural mechanization

Pasture livestock breeding with irregular
grazing

Intensive stalllivestock breeding

Forest cuttings on plains

Forest cuttings in mountains

Operations at the place of oil origin

Operation at the place of mineral origin

Thermoenergetics

Transport

Metallurgy

Chemical industry

Building material production

Urbanization

Surplus agriculture on arid areas

Soil degradation processcs

Erosion, deflation, dehumifícation

Swamping, salinization, alkalinisation

Destructurization, alkalinisation, soil
compactness

lncrease of acidity, chemical pollution of
soils, dehumification

Chemical pollution

Heavy compactness of soils, erosion

Erosion, deflation, dehumifícation
(humifícation)

Chemical pollution, decomposition of
plant and animal wastes in the
conditions of oxygen shortage and
secretion of methane

Swamping, dehumification

Erosion

Soil pollution by oil products

Physical destruction of soils, chemical
pollution

Chemical pollution, rise of acidity

Soil destruction, chemical and oil
pollution

Chemical pollution, rise of acidity

Chemical pollution, rise of acidity

Chemical pollution

Chemical pollution

Complex degradation
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Table 11 Estimation of agricultural soils according to the extent of pollution by
chemicals (State Committee for Nature, USSR, 1990).

Tablel0 Average content of heavy metals in soils in back ground areas of the
world, mg kg- I (Monitoring ofBack Ground Pollution ofthe
Environment, 1986).

Region Lead Cadmium Arsenic Mercury

West Europe 3.S-S0 (16)* 0.01-1.4 0.10-11 (2) 0.001-3.0
(0.22) (0.07)

European par! of the crs 2.8-3S (13) 0.01-0.97 0.S-S.6 (2) 0.025-0.32
(0.2S) (0.11)

Asia (without Russia) 3.0-40 (14) 0.04-0.40 3.5-12 (7) 0.040-0.33
(0.12) (0.11 )

Asian territory 2.5-3S (16) 0.02S-3.2 0.5-1.3 (3.S) 0.004-0.01 S
(0.26) (0.01)

North America 5.2-73 (17) 0.05-0.56 1.0-7.5(4.1) 0.002-0.16
(0.19) (0.02)

North Afririca 3.0-24 (15)
South Afririca 1.1-71 (IS) 0.08-0.S1

(0.25)
Australia, New Zealand 14-20 (16) 0.15-0.20

(0.17)
Average content in (16) (0.21) (2.9) (0.04)
world soils(according to (J O) (0.50) (5.0) (0.01)
various authors) ( 12) (0.35) (6.0) (0.06)

(20) (O.OS) (0.04)
( lO) (0.50) (10) (0.10)
(29) (0.62) (11 ) (0.09S)

• - average significance

Soil categories

Permissible pollution

Moderate dangerous
pollution

Heavy dangerous
pollution

Extremely dangerous
pollution

Characteristics of
polluted soils

Content of chemicals exceeds
back ground, but not MPC
(maximum permissible
concentration)

Content of chemicals slightly
exceeds MPC

Content of chemicals
considerably exceeds MPC
according to main indexes

Content of chemicals exceeds
MPC according to all the
indexes

20

Possible use

Under any crops

Under any crops as long
as the quality of
agricultural products is
controlled

Under industrial crops
without using them for
food stuff or forage

Not for agricultural needs

Heavy metals play important role in exchange processes, though they cause
heavy pollution of soils and have negative intluence on ecosystem.

Heavy metals do not easily excrete from soils. Period of semiexcretion is
for ln - 70-510 years, Cd - 13-1100 years, Cu - 310-1500 years and Pb - 740­

5900 years.
Heavy metals undergo chemical changes in soils. Hence they beco me even

more toxico
Heavy metal mobility in soils depends on the content of organic matters,

soil acidity etc.
Among toxic substances of anthropogenic origin dioxines are the most

dangerous. Dioxines are as threatening to mankind as a nuclear weapon. The
period of semidecay of dioxines in soils is about 10 years, in water - 1-2 years.
Dioxines are mainly situated in soils at depth of 5-10 cm. Dioxines actually do
not excrete from a human organismo

Even in small concentration dioxines cause immunity depression and
violate the ability of adaptation in organisms.

Nowadays there are very strict norms of dioxine composition. Daily
consumption of dioxines must not exceed 0.1 pg kg- I (1 pg= I0- 12 g)

In Germany dioxine concentration on pastures must not exceed 5 ng kg- I

soil, in the Netherlands and Italy - 10, in the USA - 27 ng kg- I soil (1 ng = 10-9 g).
Field fertilization has practiced since long ago. Fertilizers were of great

importance even in Ancient Rome in the ]Sl century A.D.
According to the US experts the intluence of different factors on the yields

of agricultural crops on estimated the following way (%):

Fertilizers 41
Herbicides 15 - 20
Favourable soils 15
Hybrid seeds 8
Irrigation 5
Other factors 11-16

Nowadays every fourth citizen of our planet is provided with the food
received with the help of fertilizers.

Wrong application of fertilizers is a very negative factor. Application of
organic and mineral fertilizers with other agrotechnical and biological fertilizers
is a reliable basis for high fertility of soils without any harm to nature.

Soils as the most significant component of biosphere undergo the following
tendencies of changes: almost everywhere soils are destroyed and fertility is
decreased. Inhabited areas, roads, storing areas etc. occupy about 2 billion
hectares. About 40-60 percent of arable lands and pastures are eroded and
detlated annually. About 40 percent of irrigated soils are salinized. Bioenergetic
resources in soils are decreased (low humus content), soil fauna and
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.microorganisms die out (soil sterilization). Toxic biocides and surplus fertilizers
are accumulated. Soil acidulatíon is a wide-spread process (acid rain).

This brief review of soils and soil cover shows that in the 21 SI century no
natural drastic changes of soils in time and space are expected. But
anthropogenic changes of soils may be intensive. This process is extremely
negative today and beyond our controL Decisive measures must be taken ín this
direction.

The first stage - The world database on the conditions of soils and soil
cover must be created. World soil scientists must understand one another. In this
connection new world classification of soils (WRB classification) must be
spread in many different countries. The experience of its spread tumed to be
very effective. One can cite as on example the new Soil Map of Georgia (1999).

The second stage - To systemize world experience of soil protection and
their rational use.

The third stage - To organize effective worldwide monitoring of soils and
soil cover.

The future of our soils - the main riches of mankind - depends on effective
and prompt solution ofthe aboye problems.

Time tlies.
We must hurry.
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Soils belong, besides air and water, to the most important
environmental assets for sustainable development, but the functions of
soils for sustaining society and the environment are not well
understood, neither by the broad public, nor by politics and decision
making. However, there are clear signs that soils are becoming
increasingly important in national and intemational discussions. The
World Conference on Sustainable Development (WCSD) in
Johannesburg, August /September 2002 has soil issues included in its
agenda. Moreover, in the European Un ion, a new soil initiative has
been proclaimed, which shows that in this region ofthe world soils are
becoming an important social, economic and environmental target.

AII this indicates that after many years of struggle, soils are now in the
focus of environmental concem and sustainable development and will
therefore become an issue for intemational research and development.

The 17th World Congress of Soil Science will contribute to designing
new important goals in this respect.
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The role of soils in sustaining soCiety
and the environment: realities and challenges

for the 21st century

BLUM Winfried E.H.

Secretary-General of russ, Institute of Soil Research, University of Agricultural
Sciences, Vienna, Austria

SUMMARY
The main functions of soils for sustaining society and the environment and

actual problerris in soil and land use on a worldwide level are discussed, which
can be explained by the temporal and spatial competition in the use of these
functions

Based on this analysis, challenges for soil sciences in the 21 SI century are
identified, distinguishing between challenges to science and research on one side
and the bridging between soil science and and the civil society on the olher side.

Keywords: soil functions, better understanding of soils, soil remedialion
techniques, new concept of soil sciences, soil basic research

The Role of Soils in Sustaining Society and the Environment
The role of soils in sustaining society and the environmenl is complex and

research findings are constantly contributing new insights into soil functions,
which can be classified in many different ways. In a comprehensive approach,
six main functions can be distinguished, three of them more ecological ones and
three olhers more related to cultural, social, economic and technical issues.

Soils do not only serve for agriculture and forestry, producing biomass, but
also for filtering, buffering and transformation activities between the atmosphere
and lhe ground water, protecting the food chain and drinking water against
pollution and maintaining biodiversity. Regarding the latter, soil is the most
important gene reserve, containing more biota in species diversity and quantity
lhan all other aboye ground biomass on the globe.

These three ecological functions are in constant competition with the use of
soils for the development of technical infrastructures, such as lhe establishment
of industrial premises, houses, ways of transport, dumping of refuse, installation
of recreation facilities, and other processes through which soils are sealed and
for which we use soil as a source of raw materials, such as clay, sand, gravel and
mineral materials in general. Moreover, soil is a memory and therefore a
geogenic and cultural heritage, concealing and protecting paleontological and
archaeological treasures, for the understanding of our own history and that ofthe
earth (Blum, 1998a, b).
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Compartment Zl Concentration2 % distribution in
(mol m')) compartment

Air 40 4xlO,IO 0.35

Water 104 10'7 0.01

Sediment 109 10'2 9.1

Soil 109 10'2 90.5

Aquatic biota 104 10'7 0.01

Looking only into the different chemical pathways and processes, pollution
by inorganic and organic compounds along traffic routes and in the vicinity of
industrial premises and urban agglomen).tions can be seen, the latter being
'l.used by the accumulation of goods and materials within these agglomerations,

¡ch are again redistributed by different processes in their near vicinity, ofien

69

I Fugacity capacity can be regarded as the "ecaping tendenca" of a chemical substance from
a phase: it has units of pressure and is linearla proportionl to concentration (al least al mosl
low concentralions of environmental interesl) (MacKay, 1979)
Assumes approximately 100 kg ofpollutanl (MW 100) introduced ¡nto 10 km3 ofthe

environmellt.

Figure 2 Loads on agricultural and forest soils through the use of fossil energy

and raw materials.

Table 1 Theoretical pollutant distribution in the environment at equilibrium

(Crosby,1982).

infrastructural development causing compaction and high surface runoff, with
subsequent erosion (Camarda and Grassini, 200 1).

PLENARY SESSION17,h WCSS, /4-2/ August 2002, Thai/and

Figure 1Sealing of soils by settlements and transport networks (observe the
scale).

A second form of competition is the intensive interaction between
infrastructural land use and its development on one side and agriculture and
forestry, filtering, buffering and transformation activities, as well as soil as a
gene reserve on the other side, because all the urban and industrial
agglomerations and ways of transport put heavy loads into the adjacent
agricultural and forest soils on the atmospheric and water pathways and through
terrestrial transport, mainly due to an excessive use of fossil energy and raw
materials, through traffic and transport, industrial, housing and other human
activities (Blum, 1998c, Figure 2). In this context it seems important to
underline that soils are the most important sink within environmental media
(Crosby, 1982, Table 1). Moreover, physical impacts on soils occur ihrough

BLUM Winfried EH

Not all these six functions are used concomitantly on the same site and at the
same time, even though an intensive competition in the different ¡and and soil
uses can be distinguished, which is the main problem for sustainable land use.

Realities
Therefore reality is characterized by a fierce temporal and spatial

competition in the use of the aboye mentioned six different soil functions. The
way in which competition occurs can be classified in three categories: exclusive
competition between the use of land for the development of infrastructure, as a
source of raw materials, and as a geogenic and cultural heritage on one side, and
agricultural and forest production, filtering, buffering, and transformation
activities, as well as the soil as a gene reserve on the other side. The best
example for this is the sealing of soils through infrastructural development,
which can be seen in the sealing of land for transport networks and urban and
industrial agglomerations (Figure 1).
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Deposition of Po!lutants near Traffie Routes

Soil sallnization and alcaJinization through thawing salts
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in high concentrations. In this sense, urban and industrial agglomeralions are
chemical lime bombs (Slum, 1998c, Figures 3, 4, 5 and 6). Figure 3 indicales
Ihe deposilion of pollulants near traffic routes. Figure 4 shows the flow of goods
in lons per day through the city of Vienna, an administrative city almost without
industry, with about 1.6 million inhabitants, showing that even less
industrialized cilies have an enonnous daily tumover rate and flow of goods.

Soil contaminatlon through lead and hydroc.arbons Lohm and Brunner, 1996

Soil contamination through cadmium
...............................>

Figure S Flow of copper through a cily (in tons per year).

Lohm and Brunner, 1996

Figure 3 Deposition of pollutants near traffic routes.
mg/kg soil
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Figure 6 Changes of heavy melal content in topsoils (0-20 cm) between
metropolitan Vienna (Reichsbruecke) and Ihe eastem state border
(Koechl, 1987).
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Figure 4 Flow of goods Ihrough Vienna (in tons per day).
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Figure 5 shows the mass tlow of copper in a city, in tons per year,
indicating that only small amounts are leaving the city and are distributed in the
vicinity, whereas the rest remains in the city and is accumulated with time. lt is
difficult to foresee what will happen with this copper in the long runo The
distribution ofcopper in the vicinity ofVienna can be seen in Figure 6, showing
the concentration in the top soil (0-20 cm depth) in a distance of about 40 km
from the city center, elearly showing an exponential decrease of this element
from the city centre towards more distant areas.

From these and other data, it can be coneluded that the tlow of goods is one
of the main driving forces behind soil contamination and pollution. Whereas in
industrialized countries legal instruments are increasingly controlling the f10w of
goods through industrial agglomerations, it becomes more and more difficult to
do the same with the individual use of goods, e.g. batteries, modem electronic
equipment and others, e.g. in large urban agglomerations. Here, new challenges
lie ahead. In contrast, in developing countries, very few industrial emissions are
really under control and therefore the main contamination of land and soil is still
mainly caused by industrial activities.

The third competition occurs between the ecological uses themselves,
through the competition between biomass production on one side and the
production of ground water and the maintenance ofbiodiversity, on the other side.
This becomes evident from the fact that farmers produce biomass on top of their
soil, but at the same time ground water undemeath, because each drop of rain
falling on their land has to pass through their soil before it becomes ground water.
The same is true for the maintenance of biodiversity, because monocultures and
the use of chemical inputs reduce biodiversity to a great extent (Figure 7).
Moreover, agricultural land use is one of the main causes of soil erosion and
compaction due to the physical management of soils (Bridges el al., 2001).

Based on this approach, sustainable use of land and soil for sustaining
society and the environment can be defined as the spatial aml/or temporal
harmonization of all these main uses of soil and land, exeluding or minimizing
irreversible ones, such as sealing, excavation, erosion, sedimentation,
contamination or pollution, salinization, alcalinization and others. This
definition ineludes the dimension of space and time, whereby irreversibility is
defined by a time interval of 100 years, which means that impacts which cannot
be leveled out by natural processes or by human interference within 100 years
should be considered as irreversible (Blum, 1998d).

Harmonization is not primarily a scientific, but a political target. Science
can only contribute through the development of scenarios, decisions are taken by
politics. However, the question remains, how to bridge between scientific and
technological knowledge on one side and politics and decision making on the
other side. Even for science it becomes more and more difficult to analyze the
complexity of the land and soil systems and the many interactions occurring in
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them because of the increasing specialization in scientific education, training

and research.

Figure 7 Competition between agriculture and forestry on one side and the
protection of groundwater, surfacewater and the biodiversity on the
other side (compare to Figure 2).

How can soil sciences address those complex issues or, more generally,
what are the challenges for soil sciences in sustaining society and the
environment in the 21 sI century?

Challenges for Soil Sciences in the 21 sI Century
Challenges for soil sciences are twofold. On one side science has to analyze

and to evaluate the processes and changes occurring in human societies and the
environment. On the other side, science has to bring this knowledge to those
who need it for decision making and politics.

In the following, the two different challenges will be discussed in more

detail.

Scientific-technical chalIenges:
These challenges can be elassified in three different categories, which

correspond to the new scientific structure of IUSS (IUSS, 2000):
- understanding of soil in space and time;
- understanding of soil properties and processes;
_ understanding of soil use and management and its benefits for human

society.
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l11:lcro-porl' > IOpm

Better understanding of soil in space and time:
Each natural science dealing with concrete subjects which can be grasped

by one's hands or seen by one's eyes, starts by investigating their outer
appearance, in our case by soil morphology. We are still far from understandmg
soil morphology and its specific characteristics in time and space, leadmg to .a
distinct insight into their geographical distribution and finally to t~elf
ciassification in a comprehensive system. The understanding ofthe geographlcal
distribution of soil covers and the subsequent adaptation and development of
soil ciassification systems is a continuous challenge, which fortunat~ly becomes
more and more visible through the World Reference Base of SOlI Resources
(WRB), through which we can define our object of scientific research on a

globallevel (WRB Working Group, 1998), . '
How can a science be understood, if it is not able to define ItS own subJect

of research by a sound taxonomic system? Qne of the biggest problems in the
relation between soil science and other natural and engineering sciences IS that
soil taxonomy and ciassification is difficult to understand, because its rationale
is rarely available in a written form but mostly through oral transfer. Wtthout the
dcvclopment of a more user-friendly soil ciassification system, whlch helps to
define quickly and without great efforts the object ofsoil research,(e.g. on a soI!
type 01' sub-type level), soil science will lose further terram m. the future.
Therefore, new efforts will be necessary in order to develop and to Improve the
soil classification systems on a global, regional and locallevel (Blum and Laker,

2001 Eswaran el al.. 2001).
'Paleopedology can be helpful for better understanding historical soil

dcvelopment and soil ciassification. Moreover, paleopedology could be an
important bridge between soil science and archaeology (Fuelecky, 200 1; CollIns

el al.. 1995 Scudder el al., 1996).

Better understanding of soil properties and processes
For understanding soil as a complex system, soil physics, soil chemistry,

soil biology, soil mineralogy, macro- and micropedology as well as pedometncs
must closely co-operate. This becomes evident from the simple fact that
physical, chemical and biological processes in soils occur mainly in the pore
spacc, which means that liquids, gases 01' biota within the pores react among
thcmsclves and with the constituents of the pore walls, such as mmerals (e.g.
clay minerals, oxides), or humic substances (Blum, 2002, Figure 8).

Moreover, biota, especially microorganisms are always and everywh.ere
prcsent in soils. They may playa more important rolc in soil physical, chemlcal
and mineralogical processes than considered so far. especlally m the energy
dependent processes of electron transfer (I-luang el al., 1995,2002). .

The methodological basis of all these disciplines was not developed by soI!
science, but by basic natural sciel}ces such as physics, chemistry, mineralogy,
biology and by mathematics and statistics. Therefore, soil disciplines ca~ only
develop further if they co-operate ciosely with basic natural and other SClences.
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For this, the full membership of the Intemational Union of Soil Sciences (lUSS)
in the Intemational Council for Science (lCSU) provides excellent opportunities.
Table 2 lists the 26 intemational unions, among them many that could be
partners of soil sciences (lCSU, 2000/2001).

Better understanding of soil use and management
Qne of the most challenging problems is the world-wide sealing of soils by

urban and industrial growth, which is still unprecedented, and will Iead to
enormous constraints in many densely populated areas, in the very near future.
Moreover, in countries, which do not dispose of rock material for construction
purposes because their underground only contaios river sediments, e.g.
Bangladesh, soil mining for the production of bricks causes severe losses of
fertile agricultural land.

In the field of sustainable use and management of soils, agricultural soil
fertilizing and plant nutrition is of great importance for feeding increasing
human populations. In this tield, better understanding of rhizosphere processes
is one of the most important issues, because they are the key for understanding
soil-plant relationships, for improving plant growth and for maintaining 01'

improving soil fertility. This scientitic target is not new, but in recent years new
tools in soil chemistry and physics, plant physiology, microbiology,
biochemistry and gene technology became available, fostering new research
(Pinton el al., 2001; Tinker and Nye, 2000).

,7Y~:__ humic sub\lanClS

_<..... .' c·_o da)' minerals

'~~";"~
~\ "

/ ,mol! pore < 0.2 "m

medium por"
0.2-10."111

Uifrcrcnt pore sizc~ amI consliluanls of a porc wal!

Figure 8 Differenl pore sizes and constituants of a pore wall.
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Table 2 Scientific Union Members ofthe Intemational Council for Science
(ICSU).

Scientific Union Members ofthe International Council for Science (ICSU)

lntemational Union of Anthropological and Ethnological Sciences (IUAES)
lntemational Astronornical Union (lAU)
Intemational Union of Biochernistry and Molecular Biology (IUBMB)
lntemational Union of Biological Sciences (lVBS)
lntemational Union ofPure and Applied Biophysics (IUPAB)
lntemational Brain Research Organization(lBRO)
Intemational Union of Pure and Applied Chemistry (IUPAC)
lntemational Union of Crystallography(IUCr)
Intemational Union ofFood Science and Technology (IUFoST)
Intemational Union ofGeodesy and Geophysics (IUGG)
Intematíonal Geographical Union (IGU)
lntemational Uníon ofGeological Sciences (IUGS)
lnternational Uníon of the History and Philosophy of Science (IUHPS)
Inlernational Union of lrnmunologícal Socíeties (IUIS)
Internatíonal Mathematical Union (IMU)
Internatíonal Union ofTheoretical and Applied Mechanics (IUTAM)
Intcrnational Uníon of Microbiological Socíeties (IUMS)
International Uníon ofNutrítional Sciences (IUNS)
lnternatíonal Union of Pharrnacology (IUPHAR)
lntcrnatíonal Union ofPure and Applied Physics (IUPAP)
International Union of Physiological Scíences (IUPS)
International Uníon of Psychological Science (IUPsyS)
Uníon Radio Scientifique Intemational (URSI)
International Union of Soil Sciences (IUSS)
Intemational Union ofToxicology (IUTOX)

Also in the field of new biotechnologies, especially gene technologies, new
horizons become visible, e.g. in the field of soil microbiology (Hugenholtz et al.
1998; Moran el al., 1993). Looking at the use of genetically modified plants in
agriculture, the question about gene transfer within the soil arises. Our
knowledge in this field is still insufficient.

New research findings about endocrine disruptors, e.g. Nonylphenol and
Ethoxylates in soils, mainly caused by the spreading of pesticides and refuse
materials, e.g. sewage sludge, show that these are very persistent and therefore
constitute a long term ecotoxicologial risk (Gerzabek and Haberhauer, 2002;
Kvalock, 1996).

Another emerging challenge is the substitution of rock phosphates within
the next decades, because these will then no longer be available, or only in a
mueh inferior quality, and long before that they will become so expensive that
they will searcely be available for agriculture. Therefore, we should start now
looking for other P-sources, e.g. through P-reeyeling. l'

In the field of soil and water conservation, the competition between
agricultural land use and ground water protection has to be eontroIle0
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Therefore, fertilizers, pesticides and other inputs for the improvement of soil
fertility and plant growth have to be dosed in relation to the overall
environmental demands. In this context, soil evaluation is very important (Lal el
al., 1998; Lyman el al., 1982; Zehnder, 1995).

Other problems will emerge because of the use of new soil technologies,
causing deep reaching compactions (Hom el al., 2000).

As forests, in contrast to agricultural areas, are filtering gases, dust and
aerosols out of the atrnosphere, the protection and management of forest soils
becomes increasingly important, due to soil acidification and contamination and
the subsequent mobilization and leaching of elements, especially alurmnium and
heavy metals, endangering drinking water resources (Szabolcs, 1989; Ulrich and
Sumner,1991).

Another problem for human societies is the remediation of eontaminated
sites and soils by physico-chemical approaches or by bioremediation teehniques
(Adriano et al. 1999). A core question in this eontext is the time seale of
bioavailability of toxic compounds, e.g. heavy metals. We still do not fully
understand the mechanisms behind the binding or fixation of those elements by
soil eonstituents, thus reducing bioavailability with time. In the area of
remediation, soil seientists are often not sufficiently involved, because engineers
have taken the lead. Therefore, more co-operation between soil scienees and
engineering seiences is needed.

Cultural, societal and economic challenges
Cultural, social, and economic features of soils are becoming more and

more important on a local, regional and global level (Karlen el al., 1997).
Our traditional way of looking at soils mainly as a substrate for agricultural

or forest production has greatly changed due to new ecological concepts and
insights (Lubchenco, 1998). Soil issues are playing an increasing role in
intemational conventions, such as the UN Framework Convention on Climate
Change (UNfCCC, 1992), because soils have sink and source functions for CO2

and store three times more organic carbon than the aboye ground biomass and
two times more than the atmosphere (Lal el al., 2000). Therefore, the Kyoto
Protocol and other developments in the legal framework of environmental
protection implicate new challenges for soil science in intemational co-operation
with other sciences, especially in the field of carbon sequestration (UNFCCC,
1998).

The UN Convention on Biological Diversity (UNCBD, 1992) also ineludes
an important soil component, because there exist by far more biota in number of
species and quantity in the soil than aboye il. They are highly endangered by
physical and chemical soil degradation. Therefore, soil biology should strongly
cooperate in research for biodiversity and the maintenance of biota in terrestrial
and related ecosystems on a wor-ld-wide leve!. The UN Convention to Combat
Desertification, (UNCCD, 1992) challenges soil sciences through its
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Table 3 Core environmental convenlions and reIaled agreemenls of global
significance.

Date Secretariat
adopted

responsibility lo find ways againsl soil degradalion in arid, semi-arid and dry
semi-humid areas. It is lhe only world-wide convenlion direcled lowards land
and soil proleclion, although in a climalically reslricled approach, see Table 3.
Therefore soil sciences should co-operale more closely in lhe field of
inlemalional environmenlal proleclion (Tulzing, 1998; Blum, 2001 b).

Anolher emerging issue is soil and human heallh. There exisl many
relatioDs between soil and human and environmenlal loxicology, especially in
lhe sphere of soil biology, and chemislry, which are nol yel well understood, but
very importanl for lhe well-being of human socielies, as outlined aboye. Today,
in many regions of lhe world, soil and environmenlal loxicology gain lhe same
importance as food produclioD, or even more, and lherefore become an
increasingly importanl faclor (Oliver, 1997; Deckers el al., 2000).

Soil and food security, especially under lhe aspecls of sustainable food
production (availability and accessibilily), remain importanl problems, which are
far from being solved in many areas, where hunger still is an important threat.

In conclusion, it can be slaled lhat new ideas and concepls in soil sciences
are needed in order to promote inlerdisciplinary research for environmental
proteclion and sustainable land use. "Novelties come from previously unseen
associations of old Illaterials. To create is to recombine" (Francois Jacob, in:
Keinan and Schechter, 200 1).

Finally it can be stated that all these targets cannot be reached in the
medium or long run, if soil sciences are not prollloting the teaching of soil issues
at the prilllary and secondary school levels, in order to improve knowledge
aboul soils, thus raising interest for soil scientific research. In this conlext, a
revision of soil teaching curricula at university level seems to be important as
well. Finally, more knowledge about the history of soil science could help to
illlprove our integration inlo lhe scientific communily and our acceptance by the
public (Yaalon and Berkowicz, 1997).

In the lalter context, lhe evaluation of soils and the use of indicators for
sustainable soil and land use is a task which should be belter understood by the
soil science community (Blum, 1999, 200 Ia; German Advisory Council on
Global Change, 1995). The approach of lhe OECO (1997) lo identify agri­
environmenlal indicalors wilhin a defined framework of a driving force-slate­
response relationship for an environmentally safer agriculture (Figure 9) was
improved by lhe European Environment Agency (E EA), extending the OECO
approach lo a more cOlllprehensive framework, called OPSIR (EEA, 1999). This
approach includes driving forces, and pressures deriving from lhem, causing a
slate, which ilself creates impacls, which further need responses for alleviation
and miligalion (Figure 10). These frameworks aim at bridging between science
and policy, promoting a belter steering of complex terrestrial and aquatic
ecosystems.
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MEA

1) Atmosphere Conventions:
l. United Nations Framework Convention on Climate Change

(UNFCCC)

2. Kyoto Protocol to the United Nations Framework Convention on
Climate Change

3. Vienna Convention for the Protection 01' the Ozone Layer
4. Montreal Protocol on Substances that Deplete the Ozone Layer

2) Biodiversity-related Conventions:
5. Convention on Biological Diversity (UNCBD)
6. Cartagena Protocol on Biosafety to the Convention on Biological

Diversity

7. Convenlion on Intemational Trade in Endangered Species
(CITES)

8. Convenlion on Migratory Species (CMS)
9. Agreemenl on the Conservation 01' African-Eurasian Migratory

Waterbirds (AEWA)1

10. Agreement on the ConservatÍon 01' Bats in Europe (EUROBATS)1
11. Agreemenl on the ConservatÍon 01' Cetaceans 01' the Black Sea

the Medilerranean Sea and Contiguous Atlantic Area '
(ACCOBAMS) I

12. Agreement on the ConservatÍon 01' Seals in the Wadden Sea ¡
13. Agreement on the Conservation ofSmall Cetaceans ofthe Baltic

and North Seas (ASCOBANS)1
14. Ramsar Convention on Wetlands (RCW)
15. World Heritage Convention
16. Intemational Coral Reef InitÍative (lCRI)
17. Lusaka Agreement on Co-operatÍve Enforcement Operalions

Directed al Illegal Trade in Wild Fauna and Flora

3) Chemicals and Hazardous Wastes Conventions:
18. Basel Convention on the Control ofTransboundary Movements

01' hazardous Wastes Their Disposal
19. Basel Ban Amendmenl
20. Basel Protocol on Liability and Compensation
21. Roltcrdam Convenlion on the Prior Inforrned Consent PrincipIe

for Ccrtain Hazardous Chemicals and Peslicides in Inlemational
Trade

22. Futllre Stockholm Convention on Persistent Organic Polllltanls

4) Regional seas conventions and related agreementsJ

23. Global Programme 01' Action for the Protection oflhe Marine
Environment from Land-based Activities

24. Convention for the Protection ofthe Mediterranean Sea against
Pollution (Barcelona)
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The 17 regional seas conventions and aClion plans are a global mosaic 01' agreements with
one overarehing objeclive: the protection and suslainable use 01' marine and coastal
resources. Protocols, amendments and agreements 01' regional seas convenlions are nol

listed.
Non-UN rcgional organizations.
UNEP is providing the secretariat on an interim basis.
Negotiations are expcctcd 10 bc cOl11pleled in 200 l.
Regional body with its own secretaria! established by the Arctic Council.
These agreemenls, while independenllreaties, were concluded under the auspices 01' CMS.
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The Oriving Force-State-Response Framework to Address Agri-Environmental Unkages
and Sustainable Agriculture (OECO, 1997)

Figure 9 The Driving Force-State-Response Framework lo address agri­
environmenlal linkages and suslainable agriculture (OECD, 1997).

Conclusions and Outlook
The future development of science will strongly depend on basic research,

but if we look into the actual reality of research funding, we see a rapid decline
on a world-wide leve!. Governments everywhere are reducing research funds,
with very few exceptions. What is behind this development? An analysis of the
causes shows that sciences are not able to translate their research findings into
comprehensible scenarios in order to convince the public, including politicians
and decision makers about its irnportance for the cultural, social and economic
development ofhuman societies. Therefore, in contrast to sorne decades ago, we
must show pro-actively what we can contribute, and especially what the
contribution of soil scientific research might be. Moreover, we should not forgel
that problem oriented political discussions take place to an increasing extent on
lelevision, which means that we have to deliver our results and arguments with a
vocabulary, which can be understood by lhe broad public (Dubois and Gershon,
1996; World Conference on Science, 2000).

Date Secretariat
adopted

1978 ROPME4

1981 UNEP

1981 CPPS4

1982 PERSGA4

1983 UNEP

1985 UNEP

1986 SPREp4

1992 HELCOM 4

1992 BSEP'

1982 OSPAR)

UNEp2

1981 UNEP
1991 PAMe
1994 UNEP
1995 SACEp4

MEA

25. Kuwait Regional Convention for Co-operation on lhe Proteclion
01' the Marine Environment from Pollution

26. Convenlion for Co-operation in the Prolection and Developmenl
oflhe Marine and Coaslal Environment ofthe \Vesl and Cenlral
Afriean Region (Abidjan)

27. Convenlion for the Proleclion oflhe Marine Environmenl and
Coaslal Area 01' the South-Easl Paeilic (Lima)

28. Regional Convention for the Conservation 01' lhe Red Sea and
Gulf 01' Aden Environment (Jeddah)

29. Convention for the Proteetion and Developmenl oflhe Marine
Environmenl 01' lhe \Vider Cribbean Region (Cartagena)

30. Convenlion for the Proteelion, Managemenl and Developmenl 01'
lhe Marine and Coastal Environment ofthe Easlem Afriean
Region ( airobi)

31. Convenlion for lhc Prolection 01' lhe Natural Resources and
Environment 01' ¡he Soulh Pacific Region (Noumea)

32. Conven¡ion ror ¡he Prolcclion 01' lhe Marinc Environl11ent 01' ¡hc
Baltie Sea Areas(Helsinki)

33. Conven¡ion on the Proleelion 01' the Black Sea from Pollulion
(Bucharest)

34. Convention for thc Proleclion 01' lhe Marine Environment 01' ¡he
North-East A¡ianlic

35. Draft Convention for lhe Protection and Sus¡ainable Development
ofthe Marine and Coaslal Environment ofthe ortheast Pacific5

36. Draft Conven¡ion 1'01 lhc Protection 01' ¡he Marinc Environment
01' the Caspian SeaS

37. The East Asian Seas Action Plan
38. Proteetion 01' lhe Arelic Marine Environment
39. The Northwest Paeific Acton Plan (NOWPAP)
40. Soulh Asian Seas Action Plan

5) Land Convenlions:
41. United Nations Convenlion lO Combat Desertificalion (UNCCD) 1992 UN

Table 3 (ConL).
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The DPSI R Framework Applied to Soil

Figure 10 The DPSIR framework applied to soil (EEA, 1999).

Another challenge is the complexity 01' our system and the future
development 01' research through specialization. There is a great danger that sol!
science is splitting into disciplinary approaches, l1ke sol! physlcs, chemlstry,
mineralogy, biology and others, forgetting that the soil system itself or as part 01'
terrestrial ecosystems is the main target and not only its single p~rts, especlally
in relation to the many functions 01' soils for human socletles and the
environment. Therefore, new efforts in interdisciplinary and muiti-disciplinary
research in soil science are urgent1y needed, bridging between complexity and

specialization.
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N Processing in Grass Seed Crops Differing in Soil Drainage and Disturbance in Western
Oregon, U.S.A.

GRIFFITH, Stephen M.t, NELSON, Machelle A.t, and OWEN, Jeffrey s.'
'USDA Agricultural Research Service, Corvallis, OR and 'Institute ofEarth Sciences, Academia Sinica, Nankang, Taipei, TAIWAN

Oms secd prodoction compri'l:S ~~% of WillamcUe
Vallcy'l (Oregon. U.S,A.) Iand-usc. Grus lCCld
p-oduction is primariIy .. dr}iAndcropthal bc:ndiu from
!be high ~intCl' ra1n!.llU (>IIOOrnm)andcoollemperarure:s
of.uem Oregon. Due lO tbe Glose usoc.iation of matI)'

ofIbe htm tandscape', dWectinl \'IlItervo1lys. .....ter
quality can be direclIy impllCted by CTOp mat1I¡ement
pr.aicts. There Is incteased Interest by growen to
lmprove ~1Iler ud JOiI qualit)' lhrough implcmenting
mrm c:onservatlon practices mIo their!ann opcrations.
~tiontill.. ordirect~ng.rttumirtgpost·

ban'CSt crop n:sidues, and lmpn:lVing riparian habital m
examples of their proacti\"C approaches lo impnJ'\inl "..ter
quality and flatunll re5OUl'CC conscrvatkm. Traditionally.
pus~ J"O"''eB tilllheir pal:Mial gass teed fields
cveT)' thrtc lO (our Yelrs In preparadon (or .. ncw JlUS
lI:Cl1 crop. wtm the thooghl: lhat dl1a.gc VoiU enha'lCC teed
ytdd and quality. We have pmiously reponed t.I\If higb
sccd yicld and quality taII be mainlainod whcn usin¡
dirc:d JOedlng. and lit I reduccd Cost ova lillage.
Rtltlr-dl prur.ted hen Clpa.ad. OUT knowlcdrr al 1M
dfuu oltlllarc ud dl~ K'tdlna oa nriouI pi..!
aod ton ptramdcn In .. ptRQnlal VUI J«d cropplol
tylCem. Spcclfically, we determined the ctrceu o( dlrc:ct
seeding (no till) en toil and p1ant nutrition, as ","tU as plan:
~1h. JtCd yicld, and plArt N acquisition al two liles,
eacbdift'erlnglnsoildrainage

Wd Dnlncd Relean:h SlIt

o Located lo the Sltvt:rton Hil15 I'tgioo ofMarion County.
of westem Oregon.

o Soil iI • Nekia.lof)· A550cittion, ""el! drained. silty clay
kJam Clvt:f clay.

o 'Bridgeport' fine facue "'1.5 planted spring of 1999.

Poor lO Moocl"I.tdy DraiD~ Rueartb Sttt:

• J...oc¡ted at Hyslop Research farro in Bc:nton County,
weslem.Oregon.

• The lOiJ is I Woodbum lOiI series. poor lo mOOeralely
draincd, silf}' bm O\'er fine sand)' loam.

• 'Hounddog' ull fescue "'15 planted. spring of 1999

Tbe WiI1amcttt: Valley has a Marine climate ..ith bol.. dry
summers and cool wet ";rnen. Tht: mean (JO-year
~) aNUIJ pn:dpitadon b 1108 mm ..ith 94%
occurriD8 betwecn lJaobtt lO Junc:. Tbe annuaI mean
te:mpe:ntureilll'C.

80lh mes werc establisbcd in 1992 as pu1 ofthe USOA·
ARS retetreh en lntegr.lled Farming SraetnS. TIúI
USDA·ARS pro;eet contrued Ilternath'C: tillage. crop
rowtioIl. and rcsidue managernenl

The IN"' buricd bis mcthod "'1.1 used to quantif). N
miDeraüzaüon (Etlo, 1960) ftom Septembt:r 1999 lo Junc:
2001, lDd an~ Incubation of 26 days ..'aS uscd lO
quantity N minenliz.ation.

AzA ktact soiJ lXlrt. j cm diameter by U cm dcep "'"1$

ranow.d. tea1ed w;!hin a rip-teaI pot)"ethylent: baS
(approDmate1)' 27 by 28 cm; l.7j MIL thickneu) and
rcpllladiDiuoriginalpositionintheground. Thebag ....'aS

CO"o"Cnd ..ith klose soll and line- 10 rcduct cxposun:. Sccond
aDd tbird com wm: takeo 10 to Ij cm lway (or
dc:Ienni:naúm ot"initial inorganic N (NO')-N and NH:-N) ,
concalU3tions.

0De additlonal toil corc (d8y O) per incubI.tion soil con: \11'1.1
l&ken and placed in polYClh)'lcnc bags and IJ'I.I1&poned to (he

labondory ror anaIyses o(bucllnc soil prnpcrties. T\\'O
ll:JJU* sub-umples (mm the corea wen: extraetcd with 100

~3a:cO::~~~;~'~=·fir;::~hilir
ftlm.te 1iI'I.S then anaJyud for Na). NH.'. and lotal organlc
<:aJboa (TOC). NO, and NH,' were anaJyud u5ing. Lachct
Quid.Ckm.200 anaI)7.cr. AdditionallUlHamples oCsoil
WCf'C: taken (or delerntiMt.ioo of soil moi5tUn by grll\"imetric

""""""-
MBC 1II'lS de\ennined using tht chlorofonn fwtúgation
cxtnctiort mcthod with .8-bour tumiption periodo roe "''1$

quaoti1\ed ,...¡tll high temperaturc call1ytic combustlon and
intt'.cted dctoctlOft on I Turnar/Apollo 6000. SoII pH "''1.5
mc:ISURd usirI« a ¡Iass e1ectrndc (1:2. ni: walcr ratio).
Pt:rcenlqc of toil orpnic mane- "'al; caifl'\lltcd using a 101.1.._-
• ID ytarS or scasonally kJw precipitation, CX>mutional tillcd
lOÜl, with moóerI:tely- and ....d.I-drained chmctcriltlca.
maInaiDed biJhc:r .oil water oomparcd 10 no tiU IOiIJ (Fip. I
ollt.
o P!m: Iboot btomus (Fip. ].t.) and teed yicld (data nol

sbowD) 1II'lS littJc atrcd:ed "'. tiDagt: trcatment;
o Crcp N uptake WH directJ)' rdaled lO the amount of
_~(F¡p.3-ó):

• Nd N llitrific:atjon WIS enhanccd durin8 the fi.rst tea!
producóon yt:ar foUowing tillagt and no!. in succccding ycan
(Pip. 'olIO):
• íll1qc reduc:t:d lOi.I mic:robial biomass (MBC) In
_dy- ond ...u-d<ain<d IOÜS (Pip. 'a '):
• Solb al tbt: 'Ndl-dr'l.iDcd lilC mairuined MBC 1cvcb O\'ef"
che lttJOIl, ia conttut lo the modclatcly-dnined IOils ",'bere
MCB *'dinc:d from &Il 10 summcr. ThiI "'U Ittribulcd lO
~ IOÜ wBcr comed.

Wt~~at ~p lIetd Jldd"tl'u.oc atr«Wd b)'
.... em.cc.1OO aWotk: ud bklfk racton _Ut charrd
ud ..,. baw bd. dil"Kt Implct 011 eavlrnnaaeula.t
....,.. Por ohlple. «banccd mlMn.1tud.. broalht
~'y t1Ua,e optndoM ruutted la more nhrate
pn:MlKed al a d_ 'I'I'bu pluf N "-'ud "tI'U knt'CIt
__ "'''l''IDutYl'atdated by IGU drytal (alfluDcr)
el' et*r telapc....ru {raR-whster)J. ni. altr.ce
.r¡*a "tI'..1d lLave hip lcadthll potbIda.t dIlrial tk--

Monthlyear

Moolh'yeer ~

RESULTS: TaJl feseue (Fig. 3) and fine feseue (Fig. 4) biomass
produetion began about Mareh and reaehed maturity by July. Exeept
for Year 2taJl feseue during!he 2000-2001 season, generally tillage
had little influence on biomass produetion. Tall fescue produced
twice !he biomass of fine feseue.

RESULTS: Tall feseue aeeumulated about 300 kg N ha- I per year
(Fig. 5) and fine fescue approximately 200 kg N ha-l(Fig. 6). Eaeh
grass seed erop received a total of 134 kg N ha- I in !he spring.

:,.'--------===='
MonttVyoar

RESULTS: Mierobial biomass (MBC) deelined during the season
at lhe moderately drained tall feseue site (Fig. 7). The well drained
soils ofthe fine feseue erop had signifieantly greater MBC (Fig. 8)
!han the moderately drained site. At both siles following tillage,
MBC was reduced eompared to !he untilled soi!.

MooIhlyoor

RESULTS: lntereslingly, the moderately drained !oi! had higher
rates of nitrifieation in !he rall (Fig. 9), compared lo !he well
drained soil (Fig. 10) where nitrifiealion rates were greatest in
spring. Nitrification was enhanced by tillage.
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Modelling Boron adsorption kinetics in Benchmark soils of Punjab, India

Sanjay Arora and D.S.Chahal
Department of Soils, Punjab Agricultural University
Ludhiana, India -141 004. E-mail.: sa:"'oYa.pa.u.~""L.,L·FfW\o.i.l.co,....

1t is vital to understand the mechanism of boron adsorption on soil as plants respond
primarily to B activity in soil solution. Knowledge on the kinetics of adsorption reaction
may be essential for the sound prediction of nutrient availability to plants. A number of
models have been used to describe the kinetics of adsorption process of boran. The work
on this line in 1ndian soils is very limited. Hence, studies have been conducted to assess
the kinetics of B adsorption and for providing information on the behaviour of B in
benchmark soils of Punjab state, India.

Batch test was conducted to investigate the adsorption behaviour of B in twenty one
surface (0-0.15 m) soils representing major soil series of Punjab. Background electrolyte
(20 mI; 0.01 M CaCh) containing 40 ~g B mr 1 as boric acid was added to 10 g ofsoil in
50 mI polypropylene centrifuge tubes in triplicate. The contents were allowed to
equilibrate with intermittent shaking at 25 ± 10 C for different intervals ranging from 1 h
to 72 h. at the end of the reaction time, suspension was centrifuged and filtered. The B
concentration in the equilibrium solution was determined col()rimetrically using
Azomethine-H. The amount of B adsorbed at various time inrervals were fitted to
different kinetic models. The adsorption experiments were also conducted using the same
soils. Calcium chloride solution (0.01 M ; 20 mI) containing varying concentration of B
(1 to 100 ~g mr 1

) as boric acid was added to soil (lO g). Shaken the contents were
aiiowed to equilibratt: to a predetem1ined equilibrium time (24 h) and centrifuged.
Adsorbate concentration in the equilibrium solution was then determined as described
aboye. Boran adsorption was modeled with Freundlich adsorption isotherm. Simple
correlations were made to establish whether any relationship existed between soil
properties and B adsorption parameters.

Boron adsorption pattern was characterized in all soils by an initial fast reaction followed
by a slow reaction, probably due to slow diffusion of B in the soils. Boran adsorption was
almost complete after 24 h of equilibrium, though complete equilibrium was not attained
until 32 h had elapsed. The concentration of B in equilibrium solution reduced with
fineness in texture. The Elovich equation was best of the various kinetic models studied
to describe the rate of B adsorption as evidenced by the overall highest values of
coefficient of determination (R2

) and lowest values of standard error (SE) of the estimate
over the entire time range (Table 1). The power function was nearly as good as the
Elovichian model in describing B adsorption kinetics in these soils.

Boron adsorption on soils conformed to Freundlich isotherm (Fig 1) over the
concentration range. The Freundlich adsorption constant K and lIn, which pravides the
estimate of adsorbent capacity and intensity, ranged from 1.086 to 5.445 ~g g-l and
0.561 to 0.868, respectively. The simple correlation (r) values varied from 0.957 to 0.998.
The adsorption capacity constant (K) was correlated significantly with clay content (r=
0.569**) and CEC (r= 0.639**) ofthe soils.
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7 s.owed high similarlty wi1h
severa! krtown nematode la..

11 bands were excised tom lhe
DGGE gel lIInd tlle ONA was
re':<I/ered by peR. The PCR
plodtd:s were then sequenced.

.. sequences grouped ... a
da~ tIlal did not indurJe know
nl!tn3tode sequences
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DGGE results:
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RFlP analysis of PCR amplified
nematode l8S rONA ftom lotal soil
community DNA.

3.c unique banding patterns were
i;tenlified ftom the clone Iibrary and
sequenced

TREECDN (Van de Peer and Gouy
1993) was used to conslruct the
phylogeoetic tree uslng the corrected
distance of Galtier and Gooy (1995) and
neighbor joining (Saitou and Nei 1987).
The stability of the resultanl tree
topologies were assessed by 100
bootstrap re-samplings (Felsenstein
1985) and by comparison of the resultanl
trees with the mosl pal'$lmonlous lree.

'A11 sequences arudied ahowed hign
slrTlllarlties lo nemalode se,quences neld
on..fine

·25 of lhe samples couId be asslgned 10
known nematode laxa

·13 of the sequences were '" a
po.'yphyletic c1ade representing
Adenophora

·12 01 the sequences 'Nere in !he
Secementea dade

Cloning results:
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Materials

Soil from sUr: European grassland sites were used in this inves:'jgation. These
soils lie on a dimaoc·cross gradient and represent six major n~lural and semi­
natural European graiSland types.

Siles were kx:ated in Germany (DE), Greece (GR), Hungary (HU),
Nethertands (NL), S.....eden (SE) and the United Kingdom PS) (Ekschmitt
'999)

Abstrael:
Molecular ecological techniques haye been widely used lo 5l'\ldy bacteria in
soil and to delennine diversily in natural environmenls. The study 01 olher
soil organisms, such as nematodes. has proved more dilícull by these
techniques. This paper reports on the sludies 01 nematade comrrunities in
European grassland soils by the exploilation af conserved re¡;ions in the 185
rONA. Using 'specif..:' 185 rDNA oligonucleolide primers, nematade specific
sequences were amplifled from lotal community DNA in soil. These
alT1llicons were subsequently used to study ecological diversily_ A done
library was constructed and screened using restriction flélgmenl length
polymorphism (RFLP). Novel dones were sequenced and analysed
phylogenelicalty_ Amplicons were a!so used for denalurir.g gr;¡¡dienl gel
electrophoresis (DGGE). Sands from OGGE were excised, ::oequenced and
analysed phyiogeneli:ally. Although the lack of available sequence data for
nematodes made the design of specifie primers difficull, !he ruulls show that
molecular techniquei can be used 10 analyse the gene~c diversity of
nematodes in soil.

Materials and Methods:

Aims:

To develop a sel of molecular lools Ihal would enable gene-tie diversily of
nemalodes to be assessed from soil colTYnunity ONA extract.

Methods

The 185 rONA is [: highly eonserved region of DNA witlin Eukaryotes
containing nine variable subunits, making il ideal tor taJlgeting specific
conserved nematode sequences. Total cornmunity DNA was ~xtraded using
aeTAS method previously described (Griffiths 2000).

PCR was pertormed using specitie primers (see table belo\lf) to anneal to
conserved positions within the gene. The resultanl PCR ampli::ons were then
used in doning and OGGE analysis.

Discussion:

·The resulls clearty show that the 18S reNA signalures can be used to study the genelic diversity of s:lil nematodes withoul the recou~e to their IsolaUon and
morphologieal idenlification, however this WJ/1( is on-going and the following need to be laken ioto account:

'The extraction procedure for total commur.ity DNA may fail to Iyse particular nematode taxa, this would mean that it \'-Ould not be possible to amplify them using PCR
and they would not appear on the gel

·RFLP was used to select novel dones, bl.;t only one enzyme was found suitable to achieve the required resolution .:JO 8n sgarose gel, therefore clones sho'Ning the
same banding pattem may in fact originate from different taxa

·It is possible that because of the size of l'le nemalod'es the sampling stralegies nonnally used for measuri'lg bacterial diversity using ~eQJlarmelhods need lo be
revised

..r...... 'Nane Target u.. Rderence
NEIolFl' ,.._kIde 1&S lONA """bel 2002
S3 E~ ,..""'" ""'"" M.w.lddal,lfi4........ NunlIode Iss lONA OGGE """ti etll,2002

·ir'ofocaluh .... 01'1 GC Qtmp(Murur 1993)~ .... an DGGE

PCR ampicons (NEM F1/53) were doned ¡nto the TOPO pCR2.1 vedor
aOO analysed using P.FLP to identify novel clones for sequencng (figure 1).

DGGE was used lo separate PCR amprtcons of the same mc~ecular weight
(NEM F1mEM B96r) using a denaturing gradienl en an a~rlamide gel to
generale a Ylngerprilrt' for eaeh site (figure 3).
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Fate of lSN-Urea Blended with Conlposted Pig Manurc for

Chinese Cabbage

Woo-Jung Choi, Sang-Mo Lee l , Hee-Myong Ro, Seok-In Yun and Jeong-Han Kim

Soil EllvirolllllClI1 La[¡oralury. Schuol uf Agricullural Uiolcchllulugy. Cullcgc of Agricullurc alld Ufc SciCIICCS. Scoul Natiolllll Ullivcrsity. Suwon
~~1-7~~. Korca; 'Naliollallllslrulllelllalioll Celller for Ellvirolllllelllal Mallagclllclll, Collcge of Agricullurc alld Ufc Scicllccs. Scoul Nalíolllll

LJllivcrsity, SUWOIl ~~1-744. Korea

Abstraet NIJFl/. NIJFC & NOFS (.."N,,,~')

• IlIcn~nse in NOFU with iucrcusill& rul~ of cUlIIpuSI

1J11J11ohili:.atiofl ofureu-derivetl N

• Inereuse in illlUlOlJilizUlioll or urca·derivetJ N with
illel'eKSin& rules or eomposl

ucu UCI UCl UCJ
l'reltlllllUlh

Trullll.nls

LSD uclw"n IRalnl~lIb",.
~ (ur JO-~ItJ a.l~ 11 mil N
11<11.1 (ur(,O.dlll)'

UCo UCI UC2 UCJ

1 M KCI ulrKI.lIM N
(lnuraapie N)

JOO [[I]_JO-d'>_6<>-d.,·

'00

100

o

Trclttllll.'uh

TrclltllU:uh

1.s0 uelwcen Irt'IIIII1lt'IIIJ "re
I(,~ rUI" JU-lJ",. IIl1lJ GJ 1lIM. N
pul· 1 (ur GO-dlolJ

• UUllCCUUII(elJ • l'hUlI e Soil

JO-dlt)· 6O-iJIlY

lrm¡::m
. 'u

. 'u
.' 2u

u
UCU UCI ue] UCJ

Hecoverie.\· of'·{N-lIrea

• UUl\ceouuted portion (N loss) tJecr~used wlth illcreusillg
nltes or rompost

TIlT
JQ-u.y 6Q-u.y

NU¡"U NUH,' NUfS NUt'U NDt'C NUfS

UCO "G7 (10.") u '" (,11:0 (I~.I) ll"¡l/

IJCI "¡(,I(llJ.2J ", J~'" 716 (1~.9) ''''' I~t

UC2 "¡U (lU.V) H2 ,,. 779 (17.J) '" IVU

UCJ .,¡".. (10.") ~2H '''O "..&7 (UtV) 10911: ''''.
LSI) IU (U.2) " '" ~5 (I.l) " Ju

'"u
~i," .u
~ ~
~.~

'u

'u

i~ lU

\\ hl'l"C, T is lulal lllllUlIlI1 of N ill Ihc UI'clI-lIIUCndl'u silmplc,
,\ is lllum '''Iv l'~l'CSS I~N in tite un:lI-lllllClIOcd slIlUplc. lUId...<. is lItOlll % ClCCSS I~N in llpplil'd urCll"

• TU(1I1 11 IIIUII 11 1 uf N ucl"i\'cd 1"1'011I (umpust (NUFC) in
(I'Up Wll) l·lIkul:lh.·U usillg l'c~I'CSSiUII llIcthulJ.

• Tollll lllllUU1I1 uf pllllll-N lJc.-ivclJ f"olll suiJ (NOFS) WllS

dclcnllillco b)' subtr'aelillg (NOFU+NDFC) f"olll totul

Illtllll-N.

• Tln' NOFlI uf 2 M KCI Cl.lnu.:lubll' soil-N WlIS

l"llkllllllclJ ;lS lln' difh·n'ul't· b~'lw"""'1l NOFlI uf 101111 soil-N
lI11J NDFli uf 2 i\1 I":ClllulI-l'),ll'lll'tllblc N.

• Total 1I11lUII 11 I uf N d{'l'i,,~d frolll I!iN·hllJell't.l urca
(l'\DFU) \\'U) l"nlculull·d fuI' l"I'Op lIUU suil sUlIIples by tlu.·
isutulll' IIict/JulJ liS fu!luw.):

• Dulll W(·I·l· Sllllisliellll)' llllttlYl-l'lJ in 11 oln'-wlIY ANOV,\
usillg C\'lIl'l'nlizcd LioClIl· Mudl'is p,·ul'clJun· lo cOlllpnrt'

sigllilil'lIl1l diffl'n'lIú's (ul Iill' \)5"/1/ l'Olllidl'llec Il'\'l'l)ulllung

lli~' In'lllllll'ul).

• 'fllc n·l·u .... l·l·il·S uf N IJ)' lTUP lllllJ suil W\'n' l'xlH"CSsl'd ns
pc ..l't'lIll1~l·S uf N upplicd lu l,¡¡dl pul.

• Al \'lIdl slIlllpliu).: lillll', )uil slIlIlph' W1IS 1I1su l·Ulll'l·tl'lJ,

CulcultlliO/1 ,( ,\'ItI(i.\"Ii<'lll .-t/1U~l's('"

• Poi (.30 JO( JO l'1II 1) • 10 kg of suil • Thn'c n'plic:lIll'S

• Chillcse l'ubl.)Jlge (one sel'dliug fOf elleh pOi)

• N (oulclIl "ud ¡!iN 1llOlll "/" uf 2 M ¡{CI nOIl-cxlruclulJl~

N wcre delenllined IlSillg (soPrime-EA uner removiug of

illorgl\ltic N froll1 soi! sltlllple tlu'ough KCI ext."nclioll,

• r\bUYl'gl'OIlIlU IHU·tS uf pllllll WCI'C l'olicCll'U III JO 1I11U 60
lJlI)"S 1I(ll'l" Inlllspllllllillg.

• TUlul-N l"UIIICIII of phllll IllllJ )uil sUlllplcs we .....

lJctcnllilll'd IIsillg 11 l'OllliIlUOUS~nuw stnbll' i)OlUpe rutio

mass sIH'ClrOlllclC!' (IsuPI'illll'-E'\, r-linulllllSS, UK) lillkcd

with 11 CN lllllllyur.

¡Haterials & MetIlO""

• erop aVllilllllility 1I11d th{' rate uf fCl'tilil.l'r-N bll'udl'U
wilh composl lIIuy dirrcr dcpelluillg 011 Iltt.' llJlplinlliull nlll'
uf eumpusl.

Objec1ives

l/1troduetioll

• Thl' crfccls uf t:OlllpoSt 011 tlll' lI .... lIilllbiJil)" ;lIId 1"all' uf
rCI"lilil.l.',·-N Witl'll upplil'll lugclhl'j" lIn' 001 )'l'l \\dl­

uudcl·stuod.

.To cSlimule thl' dlcl'l 01' ;lpplic:lliull rall'S uf l'UlIllwSI

un crup UllIUkl', ill1ll1ulJilil..llioll, "lid luss uf fcrtilil..l'r-f\"

bll.'l1ded wilh cumpusl.

• To Ulilizl' compusls ilion' el'lkil'ully, l'OllllJillillg 10\\

1I1l11.'1HJlIIl~1I1 l'ull'S uf eOlllposls witlt sllflieil'1l1 fl'rtilil-l'" lu
IIn'l'1 crup n·qui'"l'IIH.·lIls is all aJlfll'alill~ alienllltivl'.

• COllllJiucd Ilpplil'llliulI uf I'crlili:u'r wilh l'OlllpUSI l'lln

Icltd IU aH inc"clISl' in 11l\.' lIvllillliJilit)" 01' IIUII·il·lll.) IIllU nu!'

)'ield.

Tu IoItllb.t ~'uUlp.uh 111"(" crnd,'ull.I. ~'ulllhinllllt "ullIl'luh nilh
r~l1l1iuf Iu Illrtl en.JI rl.'l.IU1n:lllCllh la Mil IlI'P"lIlilll' .lh:(lII.lhl:. A pul

uperimelll "'.J cucuJuclclJ tu IIUU)' lhe dTe..:l uf IlPlllklltiul\ nI .. uf
l"UlIlpUlh:J pi" IIllllllolH' IIkIlJ,'u \\i1h ,'h"llIklll r.·rIUu. r VII Ihe
Ilnllhlllllit). IUIlIlUIlIlI.,.... tiuu, IUlU lun uf ro:rtiliuf·N. Chill " ".. 1.11,,1(."
l/lrunu'u ,·uIIIII..J¡tru (L..) Sltllljilll phlllll ''''r.- .·ullh·III 1 fur JU llUJ (¡ti

JlI~'. lJN_l.l&bdcJ un'" (~.H I~N lllulIIY.) lI.to .. JJ ... J lu 1111.1 ~~u ¡,,~ N
h,,-I, lIlIU Illllllohdcu "lIlIIl'uol(II.J7 I~N 1II1"lII"1.) nlu .. JJ.,,¡ lIIl O. 2U1,. "¡UU,

Ilotl 600 kll. N hll· l, TII", 1I11luunl uf plilolll-N lJ"ril"'lJ frulll ur",ilo \lilo.' 1101
IllTfi.·le~ U) cUllll'u'l 1llllllklllluIl 111 filIe ut 200 kll. N hll· l. lIo\H'\"\'f,
\VllIp.... t IlPllllclllMIll III "¡OO lIl\lJ (,Otl k. N hlll· 1 .lll.lllri'·III1II) (fI<O.lI~1

illH"'Il,\'lJ plllllll IlUllllilllllull uf N frUll1 UfClI Irn'.\jI\·,·¡h'l' uf a;llllplilllt Ilun',
IlrtlÜlllulJ 11",'111"'0: uf I'h.nkudl'·lllkllll Chilllll."·' ill Ih ... mil prU¡h'rlin
IIU"'\'lllllt urCll-N lu lJe ltuIUlIl.I,'lJ mure dl1l.:knll), InllllulJlli/.llliuu ut
UN:II·N UflCIlrl) In,'r"'lU\'lJ \l ¡Ih Im·rl.'ilo"hlll. tIlil' uf CUllIllllI1 II.jlllUClIIlIull 111
tlu: uulh Il.ru\'l"lh IlerkllJ,. fClullllll( frulll InHcllu·lJ micrul¡11I1 1I,'tl\ IIk's
uslo, úrK"ok C 111 CUllIpuII. \Vllh 11lI:n:IUlUl( tille ur ,'vlllpu'I, lullll
n'\:u\'u)' uf ufclt·N (IU Ill.'rCcolll)l~' vr IUJ~",lJ N) lJ)' Chill"'u' "'ltllblllte IIlllJ
ttllllll"'\'Ilu~ (rulll 7\.~ lu 1J~,(je¡e lolll~ (ruIII 67,0 Iu IUI.2 e¡. IIlflcr JO- ItlllJ

('O·~It)'s ut 'I"U\'l'lh, Nspe,'th d)·, Thes\' fClulh IUIl.~ell Ihltl Illl.'n',ullll( fltl'"
uf CURlIIU'1 IIPlllkllliulI ¡m·rl.'I"'I.''' plltlll Ullllllkl' uf r",nlliur-N ull.'lI~clJ

"·1111 CUUI(XlJlltoJ 1l0hllllCU illllllulJilh.ltliull uf (crlilu.",r·N, \\·h"=h ICltlJ, tu

tJ...'CrcllluJ lun uf fcrtllu"'I"·N.

/5N-lubc!lc:duh'lt : S,2~ I~N alOIll % Results & Discussiolls
LSt> bl.'l"'"11 trelllluI.'lIl. Ilrc 2,(i
rUI" .ull. 0.1 fur JllIlnl. ItIlJ 1.~Y.
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COl1ljJo,\·t & S(lit

Panuueter Compusl Suilu

(lB (1:5) 8.1 5.3

Org-C (g kg") 376 20.2

Tollll N (g kg·l) lO.o I.J

N11,4' (lll~ N kg'l) 1135 IU.3

NO J · (mg N k¡r l ) 380 11.8

C/N rlllio 18.2 15.5

f)ry mlllleryields ..(- N UIJ(UJ¡I! o/Chilll'.\'l' C.'uhha;..:e

OMY (g 1>01"1) 'fullIJ phUlI-N (llIg pot· l)
TI'Cllllllt'lIt

JO-dll)' 6U-lJuy JO-UII)' 60-duy

UCO 17.7 60.9 850 1149

UCI 20.0 97.0 996 1581

UC2 22.0 10J.1 1170 1883

UD 2-1.1 IU9.2 1378 2369

'-SI) 1.9 5.5 ~3 70

Conclusions
• Appliculioll of compusl noove al criticullevel (e'K' 9710
kg hu-') iucrcused plulIl uptake or ureu·N bec8use of
pOSiliye dfcets of eOlllpo.sl upplied in eOlllbillRlioll wilh

uren.

• Il1ltnobiliz.nlion or urea·N iucreasetJ in proporlioll lo
Itpplicnlion rules of campost. lUuillly lJeuuse of slilllululcLl
lIlicl"OuiulllCliYilics.

N tlfJplicutimt rale.'

Referenees
.<.l1Ul, W.J.,J'''' s..,\.. L...... s"f\L.IW.Il..\L. '.uu, s..1l.,;¡WI. (:...rll\llll..... ,11I01
",kr"lHlIl w.......t.lllu'..... .,.( u/ll-t....1nI uru·N 1.. .oU 110I .,,«""' by C\NM~,,", ~ ..

"'''Ilur... 1>t••III1IMJSlJi¿1JS, 1·\1,

• Siw.-•• I.J..••MJ N.~ t:IlIrJn.1WI.l1pl..... Ur ..N r,nlll.ur '11 '~ptJIII'.IIH'IMJnl....u..

¡'I.lItS"ó11J!i: c...~1J,

• '1'....1..", c.t·, IY'JIl. ."-lll'lok ._..........101 ..Un:1s Un ,11I)"Iyl.'lll ...... d_k.I,,,·.... lK'rli... ul
e , .. Il<l,· ...u. St.HI Scl Suo:. AIIO. J, ~; U7.-J1.

• Mierubiul immobilizulioll led lo hi&her relenlion of

ul'cll-N, Ihus resullillg in len Ion of ureu·N.
Hc~l't'ssioll lUl;llysis

• JO-dl&Y ~I·uwlh

r • U.OtitiX ... IU~ rl-O.IJ'1"

• 6U·dl&Y &rowth

y • U. UUX +1221 rl-U.99"

N-ul\' l·mdl·lIl·)': IH.Je¡.

• JII-lJ¡¡~ Itr<J\\ Ih

• "'O-lJiI~ Il.r<J\\ 11:.---._---·
--.----

'i Jllou

;l. 2!1W

! 2úou

'" I~OOo {ot
2000 (9710)

4000 (19420)

6000 (29130)

Composl

4500
4500

4500

4500

UrC¡1
(m)lN pul·')

uco
UCI

UC2

UCJ

TrCllllUellt'



Dietary effects on the turnover and plant utilisation
of animal manure nitrogen in soil

lilAPeter S0RENSEN, José A. FERNÁNDEZ, Martin R. WEISBJERG & Peter LUND

Danish 'Institute of Agricultural Sciences, Research Centre Foulum, Denmark
E-mail' peter sorensen@agrsci dk

Introduction Objectives
Animal manure is an importan! nilrogen (N) lertiliser in We sludied effecls 01 the composilion 01 diels led lo pigs and dairy
agriculture and it has signilicant inf1uence on lhe long-term cows on:
accumulalion 01 organic nitrogen in soil and on N losses to the • the composition 01 lhe slurry (= lhe liquid mixture 01 laeces and urine)
environment.The manure composilion is influenced by the diet • the turnover 01 N during slurry slorage and its decomposition in soil
composilion, • the potential plant availabilily al slurry N

• residual manure N lelt in soil alter the lirst crop

Methods
Twelve complele diels wilh variable protein
contenl, libre conlenl and libre lype were
lormulaled and led to growing pigs and
sows.

Seven different lorage types supplemenled
with concentrates were led lo dairy cows al
a high milk production level, and withoul
concentrates lO cows al a low production
level.

Feed samples were analysed
for: total N, crude fibre, NDF,
lignin, and in vitro digestibilily of
the feed. Manure samples were
analysed for: total N and C,
mineral N, and soluble C.

Slurries were applied to a loamy sand,
incubated lor 12 weeks al 8·C and lhe nel
release 01 mineral N delermined.

Slurries (130 kg tolal Nlha in pig slurrx, 180
kg Nlha in catUe slurry) were applied lo
smaJl confined plols in lhe lield by ~

simulaled direcl injeclion belore sowing
spring barley to determine the lirst-year N
uliJisalion (negligible N loss). Nilrogen
uplake in barley grain and slraw was
measured and lhe mineral lertiJiser
equivalenl of slurry N was calculaled.

Results
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Fig. 1. Mineral lertiliser equivalent (MFE) 01 pig slurry N as Fig. 2. Mineral lertiliser equivalenl Fig. 3. Mineral lerliliser equivalenl (MFE) and nel release 01
affected by leed digeslibility and slurry ammonium-N alter (MFE) 01 callie slurry N as mineral N lrom canle and pig slurry alter 12 weeks' soil incubalion
storage. alfected by the concentration 01 as affected by the C/N ralio in the slorOO slurry.
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Conclusions
• The libie contenl 01 the diet has significant influence on the turnover and potenlial ulilisalion 01 pig and cattle slurry N in soil

• The planl availability 01 pig slurry N can be predicted from enzyme digestible organic matter in the leed
• The plant availability 01 slurry N lrom dairy cattle al a low leeding level can be predicled lrom lhe concentration 01 crude libre in the

diet
• The planl availability 01 slurry N could not be predicted lrom the proportion 01 ammonium N after storage, indicating lhat the

mineralisation 01 organic N was variable, but the net N release and N utilisalion were well predicled from lhe C/N ralio al slored slurry

• Residual manure N left in soil alter the first crop varied from <10% lo 30% Irom pig slurries and 20% to 45% lrom cattle slurries
Minisby of Food, Agricultur. and FI.h.ñ••
Danish Institute 01 Agricultural Sciences



Long Term Effects of Soil Tillage Systems on
Sugarcane Yield and Soil Properties1

lan Grange
1
, Preecha Prarnrnanee2 and Praphan Prasertsak2

1 Faculty ofEnvironmental and Resource Studies, Mahidol University, Nakhon
Pathom 73170, Thailand. Email: fridg@mahidol.ac.th.

2 Suphanburi Field Crops Research Center, U-Thong, Suphanburi 72160, Thailand.

Abstract

Many sugarcane soils in Thailand are undergoing structural degradation afier being
planted to sugarcane for long periods of time. Conventional, minimum and no-tillage
systems were assessed by measuring changes in soil physical properties and cane
yields over time, together with cost analyses evaluation. Initial traffic wheelings were
shown to cause most ofthe inter-row soil compaction resulting in greater bulk density
values than in plant rows. There was a relationship between the no-tillage treatment,
with the highest upper soil bulk density (1.52 g cm-3

) having lower average yields
(79.5 t ha-1

) and the less compacted soil ofthe conventional system (1.35 g cm-3
)

having higher yields (87.0 t ha-1
). The minimum-tillage systems with the lowest

amount of soil compaction (1.34 g cm-3
) also corresponded with the best yield retums

(96.0 t ha-1
) and the best net profit of all treatments. The differences in yield, between

tillage treatments were only significant in the plant and first ratoon crop, and not the
second and third ratoon. The differences in soil bulk density, thought to have been
caused from both traffie wheelings amI natural soil compaction processes, wcre only
found in the upper 35 cm depth, below which all values for each system were similar
(range of 1.43-1.51 g cm-3

). Penetration resistance measurements indicated a weak
plough pan at 30-40 cm, in all treatments, probably formed prior to experimentation
and not yet alleviated in any treatment. Maintenance of a high water table reduces the
strength of this allowing root growth. Despite the low level of mechanisation in the
reduced tillage treatments compared with the conventional tillage, herbicide and
labour costs offset a substantial part of the savings. The best net profit was for the
minimum tillage without subsoiling.

Key words: strategic tillage, plant growth zone, traffic wheelings

1 17th World Congress ofSoil Science, 14-21 August 2002, Bangkok Thailand



Oxalic Acid Perturbation of Imogolite Formation and the
Impact on Cadmium Adsorption •

lbstract

Masayuki TANI", Chen UU.... , and Pan Ming HUANG....
-Department of Agro-Environmentul 5eienre, Obihiro University of Agrieulture and Veterinary Medicine, Inada, Obihiro, Hokkaido 080-8555, JAPAN.
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Oxol'c Kid, which Is rno$1iy prc.scnf in the .oil soh.rttons 01 AndlsoJs ond Spodosols. puturbcd the fO,"",OfilM ¡mogolit«. Howcvcr. the cffcetivcncss In iqM,ding the intcraction 01 hydl"'Oxy-AI ions with

'l'"thosiUcic ocict Ind .subscqJurt fonnatLon of irnogolitc is 10\lIl'." 'han citrie:, <LS indicQtcd by the r-uuJts 01 x-roy dlHractogroms ond IR obsOf1)tion spcdl"ll. n. IIWH"PhtlOSic:oI fco:turu .1 q'lrthctic

.JnOSoIite Md x-rey noncrynoJlinc cdurninos~M:Qtu fonncd unde.r 1he influenc:c of oxoJcrte CQIl be obsu-.'cd by usmg tM cOft1act-modc AfM. With inc:reosc in the OJC.ol.'c/Allnol6r ratio. thc th,..ads-likc
rtnIct\rcs whlch ore chGl"aCtcristic 01 irnogolitc dccreCLSCd and 'he sphuoldo! ond lU-defincd omorphous portkju incrcascd in ,he AFM thrcc-dimcnsionCll lmogcs. The pre.scnt MM nucty 0110 shows ,ha,
~oJk: ocid can induce ,he chonge in ,he sin of threads-Hkc struc'tt.Iru of ¡mogolit. ond s:phcroidol porticles of noncrystclline o.lurninosiJlcofU. d"reQ.lIng ¡,. fhe length end wldth 01 th"adl-Iike.

rtNC1\rcs and inc:rcosing in fhe diamefer of .spheroidCll paMide.s wifh incrcQSe in fhe oxo.Jafe/AI molar I"'Qtio.

Thc odsorption 01 Cd by these partidcs WQS o ver"( rapid reocfion ond acfua!ly c~lded within 10 min. Aftu 240 mino 3.15 fo 9.35 ~ of the Cd were odsorbed by the prccipitofU. The omount o,

~cf odsorb&ct dCQ"tASCd wifh fhe incrcose ... the OJ(a1ote/AI molo/" t"'Qtio. The ckcrcQSe in the adsorption rate of Cd by fhe pertur'bcd itnogolitu. oburw.d ¡,. thc pru.cnt s:tudy. b ottributed to the

lGrIioI b10cking of fhe reoctiw Al-OH situ on th. out.,. surloc. of imogolit. tubo by COOH if"OI4l$ through <O"1'I...o'ion reoction. T1I< prcscnt rcsuIts suggut thot the InflUUlC. of ...a11c ocld on tho

:hape and sin of imogoIite ClIId noncrysto.lline alumino.silico.fu. and thei,. sub:sequent surloce propertics ond Cd ocisorpfion on fhese rninCl"Ols muits furthcr otturtion.

lbject¡"es
We &Xomincd fhe motphologico.l feoturc.s of synthcsiJ:cd imogolitc undc,. ombicnt conditions by using the AFM. We olso investigafed the role of oxolic ocid in affccting fhe formafion of irnog~ite ond

he rnorphologieGl fc.atUl""U of synthc.sind imQ90litc ond noncrystolline a1umino.siHcatu affected by oxolic ocid dut"lng fheir fOMflation by using the contacf-modc AFM o.nd rcJafed methods. fur1'h&nnorc. we

J(omined fhe Cd adsorpf~ by fhc Irnogolifc ond nonCl'")'$1o.lIinc ohuninosilicotes formed undcr fhe influence of drtfercnt concentrations of ~aHc ocid.

FIg. 6. 11ma lurctlon of Cd adsorptlon
on the imogo1ite and noncrystalllne
alurnlnosilicates as affected by oxalJc
acid at the oxalatelAI molar ratios of 0.02
800 0.04. The oxalate/Al molar ratios of;
o. 0.00: O, 0.02: "', 0.04.
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Flg. 3. Infrared (IR) spact,a 01 lha synthotlc
lmogolite and precipltates formad both in the
abserce and presence of oxallc acld. lnitlal
oxalato/Al molar raUo: (a) O, (b) 0.02. (e) 0.04. (d)
0.06, (e) 0.08. and ~) 0.10.

,.

Fig. 2. X·ray ditfractograms of the synthetlc
imogolite and precipitates formed both in the
absence aro presence of oxalic aclds. Inltlal
oxalate/AI molar ,aUo: (a) O, (b) 0.02. (c) 0.04, (d)
0.06. (e) 0.08, and (1) 0.10.

Flg. 4. The AFM three-dlmenslonal deflection ¡magas of the
synthetic imogolite and preclpitates formed In the abserce
and preserce of oxalJc acid. Initial oxalate/AI molar ratio: (a)
O. (b) 0.02, (e) 0.04, (d) 0.06. (a) 0.08. and (1) 0.10.
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Fig. 1. Prolon release In t/"'e sys1ems at the
oxalate/AI molar ratio lrom O to O. 10 ancJ too
citrate/AI molar ratio from O to 0.025. The
data of citrate was quoted from Lou and
Huang (1989).•, oxalate; e, ciUate.

[
TabJe 1. Composition of the syntheoc lmogolite
and precipitates formad both In \he absence and
presence of oxalJc acld.

I f On the baSls of oven-dned welght

I ~~:~:¿ Sia¡ (;~~tOxa!atl! moT~~~~tio

I
0.00 221 546 O 0.69
0.02 175 579 33.9 0.51
0.04 155 627 81.0 0.42

lateriaJs aad ....etbods
).-tkJn 01",. PMWrI ~Ul/GI1
1.45 rnmcI L.'" Al3.2mmd L.'" SUAI molar rallo _ 0.5, OH/Al mol. ratio. 2.0,
x.I...,AI mol.,.r._0.00. 0.02. 0.04, 0.06, 0.0&, 0.10
llt4ld wllh ~onlDd dltll~ w.... (Th. pHI 01 !h. eo/1.Itlon. w.....36:lt 0.01)
m... 01Pr«ipludJon Produet.
• pAf"Wlt dJtIon w..hUl.~ 111: 51S-C la 110h.
p.lII:ed by "ltral:lon Ihrough. mecÑ)ran.,Ut.. d. 0.1 JIfTl pc:r ••ze
IIyzed (MW aJI 011_ 3500)~. delonlzed á'ItlHed walCtf until C~ be•
• z.e~ Md gendy gound lop" thfough. 0.5 mm al....,.
mIM~ 01Pret:lpJtdonPr~
tW'lrinItion 01 SI, Al. enr:t a'panic C In Ih. predpit•••
.-¡ ditlractlon: R1gaku D.t.4u·RBX ".fay dltlraaCll'Mler .Im F.Ko radl.l/on
·arecr (lA) tpec:tra: pnln-Ekn.. 5I33lnfrare<l sp«:trOfl"Mller wl!h KBr áscs
"'¡c'~""'O«JOPY 01Pr.cJpJt-tlon Produ~
• predpIl.......... dlpweecl by ultruonlca!lon • 150 W 1« Ss In lII'I Ice balh.
odr~oIlh.a1tp~"on(2Omg L.") .ere d.poshed en awaldl g1ass.
•~ .a. «1~ lor 1month al roan tamp.alur. (23.5 z 0.5 ·CJ.
• -'FU !hr..dJm..wonal Im.g•• 01 Ih. Imogollt8 .ere talten by uslng a
~ 111 .omIc lore- mcroscop. (DIgital In¡trumant., Inc., CA) lD.....I!!
Id I!: roqn ttap.l&l!r.
Mner. T)pe 1M1E. Seann. alz.: 1S JIfT', Mod.: Contad 1l'Klde, scannlng
ta: 1&.31 - 27.047 Hz
••814HOICd Ad«qrton
50 mg umpI. d. th. pr«lpltal:N.U equlllbralecl wttn 100mLd 1 rrrna l"
110, and 0.01 tm'lol L" Cd(N~ sclulla¡ .. pH 5.0.
• &Ilpenlkln...... agItIIIed 8125 -e la'. h.
.nqU<l d 10 ml dthealtp.mionw.. wllhehlll al: 10. 20. 40,60, 120, Wld

IOmIn,"d Ihen l1IIerfldthroug.aO.1 JIfTImembran.11I181'.
t CCI'IC*'Ilratlon d Cd rtmalnlng In Ih. IUlral••aI determlned by llame AAS.

tes.lis aad discassioa
OxAUC ocld pcrturbe.d the 10rmo.tlon of Imogolifc rcmorkably at fhe hlghcr conccnfratlons (oxQlate/AI

... ratlos of o.oe ond 0.10). How...r, the eHcctivoncss In iI!1'oding th. int&M>ction of hydroxy-AI

1 with orthosmcic ocld wu lowU' cOlr9Ared wifh cnrie: ocld and othu strong c0""91ex1ng 0I"'SClnic ocids.

lndico.te.d by the. nuults 01 ornounts of H- relco.sc.d into solllfions dLlring the reacfion (Flg. 1). x-roy

fro<togl'GlllS (flg. 2). ond IR obso",tion spcctra (fig. 3). no prosont st\ldy sugguts thot oxoli< ocid

Ilflcotly I"hiblts the lnteroctlon of hydroxy-Al lons with orthosilleic Qcld ond thc subsequent

l"CCipttCltlon os lndlcoted by the dc..crcose In SlOz contents and Si/Al malar Ntlos with the Incrcue in

O)(A1ote/AI Mor rotio (TobJe 1). Icoding to the formation of stNCturally disordered ond non-

rtalllnc _criGb Inco",orotod with ...a11c ocid as shown In th. x-ray diffroctogral!\S (flg. 2) ond th.

obso",tlon spcctN (flg. 3).
Thc. morphologicol fe.Aturu of synthetic imogolite And x-roy nonc:rystallinc oJuminosilicotes formcd os

cete.d by oxAlAte WCN obsU"YCd distinctively by using the contact-mode AFM (Flg .•). Optimum

uonlfkatlon ClIld .ufficicnt Al,. drying of k'nogolifc on thc sa~le holder af room fC~UQtLlrc beforc

" ICQMIng caN criticGI to ovold the brc.akdown of Irnogolite paMleles and the etchlng of o s~le

foce.. At tha oxalote./AI enolar rotlos of O and 0.02, the. lmogolitc appcored In the AFM thrc.e-

cnslonoJ deflcctlon hnogu u thf"cads And curved. With the.lnaeose. tri the. oxalatc/AI enolar rotlo. Teble2. Diameterandlengthofthreads-like
thrcads-like stl"Uctur&S. whlch ore chal'"QCferistie: of itno"'olifc. dccr&osed And the spheroldal and lll-dcfined ornorphous paMiclu Incrcosed In fhe AFM irnogc..s. 5trUcturesofthesyntheticllTlOQOliteancl

~ eclpitates as aftected by oxallc acld.
the eNCAleatelAI "or rotio of 0.10, on'( threods-likc 1tructur"C WQS not obauvc.d. The pruc.nt NM study olao sh.. thAt oxol1c 4cid induc:eAI the chanee In the. pr _."OxalatBIAI OlameterJnml LangtQClJml
, of t L-._.I--I..~ .., 1--olit& ond "'hc.roid.J -"'id&I ef nonc:rystollinc ........UCOf.... TIte Ic..ngth ond width of thruds-Iikc S't1'"UC;tur'rU dccreue.d molar ratio Ayg S O Av..s.:. S.O.

- ..'IVlI,....-.· 0.00 78:3* 15.6 dl 1.56* 0.40 a
ble 2) ond the d_... of Iphcroldol portic:Ics _.d _ tho Incrc..o In the oxoloto/AI molar ratio from O to 0.10. 0.02 65.1% 12.9 < 1.26,.0.35 c
:iMt1c ....... of Cd~ on .......It. ond nollCl"ptollln. oIuoni.-lllcot.. ..". <onduct.d ot pH 5.0...in¡ 10" mol V' Cd(NO,), soMion. Th.odsorptlon 0.04 53.4,.13.2 b 0.83,. 0.24 b
Cd by thcsc prtldu ... o vcry rapld rcactlon and ac:fUaUy c0f'l1l'leted wifhin 10 mln (Fig. 5). Alter 2<40 min. 9,. ~ of the addcd Cd WQ.I rcmowd from the. 0.06 44.2% 11.1 a 0.57 %0.14 a

~Ion of th. I_ollte IllIpCIlSlon syotcm. Lus Cd WQS odsori>.d by th. perturbcd ImogoUtu thon by Imogolito. Th. porcont o<lso."tlon of Cd l!«reoscd wlth th. I ~~g¡l.~!!,O="!~~.~~.,,,t=__....!~~.~~. _
..... In th....a1otelAI mol... ratlon from 0.02 to 0.10. At th. highut oxo10t./AI mol... ratio of 0.10. no more thon 3.2'" of tho odd.d Cd was edsori>cd on t N.A., Notappilca61•.
aI_I,..lncAte.. From A pe.dologlcaI vicwpoint. the IncOfl)OI"Gtlon 01 oxalote in the noncr-ystalline a1uminosilicafcs would hatr9cr the retentlon of Cd in fhe. aurfocc t: ValuBS wlthln columns followed by the sama

~:f~yr~:rngsl~~~r~od=antat tha 0.05
IIUYlaI horlsons of Andisols ond Spodosols.
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TIlis study is a preliminary work to establish lhe main characterislies ofhumus-amounl,
composition and changes with altitude of soils in the Westem Andes, Azuay region.
Southem Ecuador.

The researeh area is loeated approximately belween latilude 2" 40'10 20 50'S and
longitude 79"10 '10 79"20'W A hypsometric soil sequence made up of twelve siles was
chosen between altitudes of 2950 and 4200 in the Tomebamba river valley, Westem
Andes, which ¡neludes the Cajas nalional park, situated near lO Cuenca eity in direclion
WNW to Guayaquil. The following analysis were made:- Total organic carbon using the
Tyurin method; Humus composition by the Konononova- Belchikova melhod, etc.
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.B) There are lbree humus systems: I )Acidie mull. From fulvic lO fulvic- humic acid type, wilh a
low degree of humification. 2) Andic mull. With a very high amount of humus 30 to 55%
extraclable with alkalinesolutionsand CIN from 16 lO 25. 3) Mor humus. With a very high degree
of raw humus, over 55%. a very small part of which (10 to 16%fis extractable using alkaline
solulions. The C in the cxtract \Vas al best about 6% and vcry similar in it's molecular weight and
structure to fulvic acids. This dala was unexpectcd and has nol beco published until no\\'. This
humus has a very lo\\' degrce ofhumilicalion, \\'ilh fulvic typc ofhumus (Cha/Cfa ratio <0.5).This
humussystcm \Vas found in the Fibric His\osolsofsilC 8.

A) The hwnus of the studied soils in Cajas park have sorne
cammon features: 1) High acidity (mainly 4 to 5). 2) High CIN
ratio (16 to 37) in the surface horizons. 3) Very high amounts of
humus, mainly in the surface (18.910 59.24). 4) Humic acids are
free or bound by iron and aluminium oxides. 5) The humus of aIl
the studied soils (excepl site 8) is Qver 30% extraclable with
alkal ine solutions.
This meaos that lhe humus are malun: and lheir Cha/Cfa rclalionship is
between 0.36 to 2.12. 7) The vertical zonalily of the hypsomctrie
sequence of Cajas park is irregular. This is due to the presence of patches
ofaloetonous volcanic ashes and other si tes (mainly in the steep morrenic
area at 3700m at si te 8) that cantain aquíc moisture regim
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RELATIVE EFFECTIVENESS OF VARIOUS Cu FERTILIZERS IN' VING GRAIN YIELD OF WHEAT AFTER ~

THREE AN~~~~a~~~I~~~I~~:~e?c~1~n~:~~~FCh~e~r~I~'·~"'J V- ~
'Agríeullure and Agri-Food Canada, P.O. Dox 1240, Melfort, Saskalehe...an, Canada SOE IAO "'~""~~!'!!I1~"!!l!!""".,!Il!;l!~~~!!l!"'l\'!;'O~~~'-

Phone: 306-752-2776, Ext. 230; Fax: 306-752-4911; E-Mail: malhis@em.agr.ea

'WESTCO, Saskalehewan Wheal Pool, Tisdale, Saskalehewan

BACKGROUND MATERIALS ANO METIIODS SUMMARY ANO CONCLUSION

• Mean Precipilalion: 450 mm
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lacorporattd (0.5)

InC'Orponted (2.0)

S«d.....·IO.15)
Sttdro,,' (1.0)

Foliar..... Laf

Foliar - Flat Lcaf

C._lroI (ao Ca) 1262

2000:

Zero-Cu check produeed grain )'ield of 1620 kglha.

Grain yield inereased lo 2676, 2812, 2697 and 2574
kglha ...ilh foliar applíealion of Cu Fertilizer 5, 6. 7
and 8 al Ihe nag-leaf growlh stage, respeclively.

Wilh foliar applicalion al Ihe 4-leaf gro"1h slage,
Cu Fertilizer 5 inereased yield moderately lo 2440
kglha and Cu Fertilizers 6 and 7 lended lo inerease
yield.

Cu fertilizcfS, when incorporatrd ¡nlo soil or
plaero in scedrow were Dol effecti\'c in correcting
Cu deficienC)' on wheal (e'eepl Cu Fertilizer 1
ineorporaled inlo soil al 2.0 kg Cu/ha lended lo
inerease grain yield, bul nol signifieanlly).

In Irealmenls ...here Cu applicalion inereased seed
yield, qualily of seed ...as also impro,'ed eompared
lo lhe Cu-ileficienl ",heat.

2001:

Grain )'ield in !he zero-Cu check ",as 1262 kglha.

Wilh foliar applicalion, Ihe grain yield inercased
markedly ",ith Cu Fertilizers S, 6, 7 and 8 al Oag­
leaf gro..-Ih stage and ,,'ilh Cu fertilizers S, 6 and 7
al Ihe 4-leaf groMh stage.

Wilh incorporalion Ircalmenls, Ihe grain yield
inercased ...ilh Cu Fertilizers 1,2,3 Ind 4 al 2.0 kg
Culba, Ind ",ilh Cu Fertilizers 1 and 2 al 0.5 kg
Culba.

Some scedro... Cu placemenls (Cu Fertilizers I and
2 al 1.0 kg Cu/ha) abo inereased grain )'ield.

1999:

Grain yield of wheal inereased substanlially wilh
foliar appliealion of Cu al the nag-Ieaf growth
slage wilh Cu Fertilizers 5. 6 and 7 in the inilial
)'ear of appliealion.

Summao':

The resulls suggesl Ihal for immediale corrcelion
of Cu deficiency In whea!, foliar Ipplicalion of
some Cu fertilizers al f1ag-leaf gl'O"'lh stage can be
used, bul soil applications of granular Cu
fertilizers may take more Iban lhree years (

.depending on soiJ~limllic coudilions and
mlnagemenl practitts) lo prennl Iny Cu
derlCieney on Cu-deffieienl soils.

Granular

Granular

Granular

Granular

Liquid

Liquid

Powder
(Soluble)

Liquid

Hord Red Spring

Various (rabie 1)

Blanket Applicalion of N,
P, K and S Fertilizers

Grain Yield, Prolein
Conlenl and Total Cu in
Grain

Cu Chelale

Cu Sulphale

Cu Oxysulphale I

Cu O,ysulphale JI

Cu Chelale-EDTA

Cu Seq ueslered I

Cu SulphalcJChelale

- Cu Fert 8 Cu Sequeslered JI

- Cu Fert 1

- Cu Fert 2

- Cu Fert 3

- Cu Fert 4

- Cu Fert 5
- Cu Fert 6

- Cu Fert 7

• Growing Season: May lo Augusl

• Loealion: Poreupine Plain

• Soil: Dark Gra)'

• Crop (Culli\'ar):

\Vhe"l (AC Barrie)

• Cu Sourees:

• Rales ofCu:

• Olher Fertilizers:

• Data Reeorded:

• Times and Melhods Cu Appliealion:

- Ineorporated (Prior lo Seeding)

- Seed-plaeed (al Seeding)

- Foliar (4-Leafand Flag-Leal)

OBJECTIVE

Yield responses of eercals lo Cu fertilizalion
hne been invesligaled in weslern Canada, bul
informalion is laeking on lhe effecls of
difTerent Cu sources, rormulations, methods
and limes of appliealion in eorrecting Cu
deficieney on ...heat.

Copper (Cu) deficienC)' is oflen associaled
..'ilh eoarse-Iexlured soils.

Wheal is probably Ihe mosl sensili\'e cereal lo
Cu deficieney, Ihough some euiti"ars of wheal
are less affeeled by Ihe Cu deficieney Ihan
olhers.

The defieieney of Cu is nol wide spread in
Saskatchc\\'80. but it can cause 8 serious
reduelion in grain )'ield and qualil)' of ...heal
""hen it occu rs.

To determine lhe relalive effeclh'eness of
variaus sources. formulations. mcthods,
limes and rales of Cu on grain yield of
...beat.

('.illlaaa
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Effect of boron fertilizer on red clover seed production in
Chilean volcanic soils

DEI\'1ANET R. and MORA M.

Universidad de La Fronlera: Temueo, Casilla 54-O, Chile

The Ninlh Region, 37-39 oS, 74 -71 °W, has a c1imale similar to Ihat oflemperale seed gro",ing
arcas of the world. Rainfall averages 1.400-2,000 mm per annum. The IWO soil groups used for
growing seed are c1assified as Ullisol and Andisol. Ultisols have phosphale relention of
aproximalely 60% and organie malter of approximalely 9%, \Vhereas Andisols have high phosphale
relention (approximatc1y 90%) and high organie matler (16-18%). Trifolillll1 pratense L. seed
produelion arca reaches to 5,000 ha in Southem Chile and the average yield is less than 300
kg ha-l. The principal faclor which regulales lhe erop produClion is a high acidily condilion in lhese
soils, hampering nUlrienl availabilily. Boron is highly deficienl in these soils. The dalabase 01 soil
servic¡; laboralory in Ihe Universidad de La Fronlera indicales thal lhe 50% of soils have less than
0.5 mg kg· l. The availability ofboron 10 lhe plants generally decreases \Vith an increase in soil pI-!,
resulting in lime-indllced boron defieiency in some cases. Boron plays an importanl role in the
pollination proeess and defieieney affeels pollen germinalion and pollen lube gro"'lh in lhe plant.
Boron is also involved in many olher essenlial processes, inc1uding Ihe translocalion of sugar and
olher bioehemieals, prolein synthesis, nodule lonnation in legumes and regulation of earbohydrale

melabolism (McLaren and Cameron, 1994)
The aim of Ihis work was lO delermine lhe boron fertilizer requiremenls on TrifuliwlI pratellSe

L. seed prodllction growing in voleanie ashes derived soils.
The researeh was developed in an Andisol of Freire Serie \Vilh 0.32 mg kg"' of Boron and pI-!

5.5. A splil plol design with four replicales was used to evaluale Ihe effeel of 5 doses of boron
fertilizer. The doses were O, 1,2,3,4 and 6 kg B ha· l Previollsly seedling lhe soil \Vas liming wilh 1
Ion of caleite. The experimenl was conducled over two years (1999/2000 and 2000/2001). The
boron source was caleile boronatre applied in the firsl year in Ihe row and overcaslted in Ihe second

year.The result indicale a very good relationship between boron dosis and yield. In Ihe firsl year lhe
maximum average yie1d was 1,096 kg ha- I when it was apply 6 kg ofB ha-

l
With lhe same dosis in

Ihe second ycar lhe average yield was 1,401 kg ha-l. The yield increase from 24% lO 73% wilh lhe
boron rale from 1 kg ha·1 lo 6 kg ha- ' reaching in lhe soil over 1 mg kg-

l
The increase boron in lhe

soil depends lhe interaction liming and boron raleo

Keywords: Trifolillll1 pratense. boron, pollinalion. seed produclion, Andisol
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Effcct of l.ong term integrated use of farmyard manure and
morganic fertilizers on soil P availability

DHILLON N.S., JOSA 1 M.O. and BRAR 8.S.

Departmcnt of Soils, Punjab Agricultural Universily, Ludhiana. India -141 004

Continuous use 01 differential amount of inorganic P fenilizers and fa d
over lhe years in a art" 1 . ~ nnyar manure (FYM)
sorption and desorpti:n b~c:a~~o~:f~~~~dsr,st~m may creale variable soil P fenilily and alrects
cm, 15-30 cm 30-60 cm and 60 90 '1 d' lhe present sludy, sOlI samples were drawn al 0-15

, - cm SOl eplh from a long t ~ '1' .
wheat cowpea (fodder) c . .. eml ertl Izer expenment on maize-
. . . roppmg system al PunJab Agr cit· I U·· . .
1111t1ated in 1971 where fenilizer lrcalment .. d f I U ura OIverslly, Ludhlana (India)
NPK, 100% N and 100% NPK + FYM (IOsO~?nNSlpstKe o an absolute control, 50%,100% and 150%

/0 means 320 ko N + 83 k P + 110 k K h -,
one crop cyc1e, source 01 P is SSP & FYM al lhc rale of 10 <0.

1 g . g a lo
There \Vas a considcrable build up ofavailable P with all rates ~~~ be~ore thebsechdm

g
01 m31ze).

sub-surface soil after 28 'ears 01 cro . . app Icatlon 01 m surface and
declincd from 8.8 kg ha·1~o 6 Okg h ~P111gd" II-!owever, m control plOl (no P added), available P

. . . a an t liS maol1l1ude 01 decl ne f l' I .

~~:'~~~~e~o~I~~~¡la~ll~c/~~~~~ ~;Oht;~~~a~~~e~hi~lt ~:~~ailability d~c1in:~ss~a~~l:i~~ds~i;nd~~~~s
showmg the possibililies of P movement in lhc super optO NP,Kp treatedd d

Plot
Ihrough out lhe profile.

A h Ima amen e plolS
s t e amoum of P added increased lhc amou f P d ..

and was of higher order in pl01S receivi;g 100% Nn~roabs:1 ~orbed al~o~nc~ased correspondingly
long leml P fcnilizations caused reduction of P u e contro '. un er, mcreasmg rates of
Adsorplion maxima \Vcre lhe maximum in control a~~s~~~e:, ~nd ti mcreased wilh soil depth.
100% NPK + FYM trcalmenl The affin'ty ~ P o lrealmenls and wcre lhe leasl in

. 1 constant lor showed wlde . t" .
long term fenilizcr lrealments The values I F dI" vana Ion among dlfferent
conlrol and 100% N treauncn;s Oifferent" ~ b ~~un leh constants were lhe highcst in absolule

capacily (MBC) had the lowest'values in 1'~0'l",u N~;~ C;~~lty (OBC) and Maximum buffering
Irealmen!. Adsorplion maxima MBC DBC ° d f treatment followed by 150% NPK
relalionship with various yieldip uplake value:~f \:~~a~l C

O
P adsorpllOn showed a significanl

when compared lo P adsorption Oesorpt'o . (D) ropo Phosphale desorptlon was far less
~ . 1 n maxlma m was the max'm . 1000/
101l0wed by conlrol and il was correlaled s"fi I . h b 1 um m /0 N trealment
produclion. Ignt Icant y wll olh relalivc yield and dry malter

Keywords: long-tenn. integrated fertilizer use, P availability, P adsorplion
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Effect of soil organic amendments on the growth and
grain yield of rice under lowland conditions in Ghana

Micronutrients residual effects in vineyards on
the calcareous soils

Symposium oo. 14 Paper oo. 1253 Presenlalion: poSler Symposium no. 14 Paper no. 669 Presentalion: poster

BURI Mohammed M. (1), ISSAKA Roland N. (1) and WAKATSUKl Toshiyuki (2)

(1) Soil Research Instirule (CSIR), Academy Posl Office, Kwadaso, Kumasi, Ghana
(2) Faculty of Life and Environmenlal Science, Shimane Universily, Matsue, Japan

Ghana is nol only faced wilh such problems as environmental degradalion, declining soil
fertility, low soil produclivily and erralic rainfall pallerns bUl also Wilh low mineral fcrtilizer usagc
(poor resource farrners). However, rice consumption continues lo increase annually thereby leading
to Iarge annual imports of the crop. This has led lo the crop being currenlly ranked as a number one
priority (cereal) in lerrns ofproduclion.

For suslainable agricullure, produelion has lo be fine-runed Wilh efficienl economic and
environmenlally sound produclion principies lhat lead lo proper soil fertility managemenl. To lhis
end, for any integraled suslainable nulrienl managemenl syslem, plam nUlricnl supply packages
need lo be developed for lhe poor reSOUTce farrner (main rice growers in Ghana). Wilh lhis in mind,
three soil organic amendmenls (Poullry manure, callle manure, rice husk) were used either solely or
in eombinalion with mineral fertilizer on riee at three differenl siles (Potrikrom, Biemso No. J,
Biemso No. 2) in lhe foresl agro-ecological zone of Ghana. Sole organic amendmenls were applied
al a rale of 7.01 ha-1, sole mineral fertilizer was applied at N, P20 5, K20 (90-60-60) ha'\ while far
combinalions, half rales (organic amendments + mineral fertilizer) were applied.

Results from Ihis study show lhat organic amendmenls significantly conlribuled lO lotal growlh
and grain yield of rice. A combinalion of poultry manure and mineral fertilizer (half rales) gave
similar yield as mineral fertilizer (full rate) al two out of lhe three localions. Rice grain yields were
6.2,7.3 and 4.1 1 ha'\ each for the combinalion (poultry manure + mineral fertilizer) al POlrikrom,
Biemso No. I and Biemso No. 2 respectively while full rale mineral fertilizer gave 6.6,7.3 and 3.9 1ha'\
respeclively. A combinalion of organic ameodments with mineral fertilizer oUl-yielded organic
amendmenls alone at all of tbe three siles. Among the organic amendments, Poultry manure
showed a grealer promise by out-yielding both cattle manure and rice husk al all three siles.

Al Sile 1 (Polrikrom), sole Poullry manure out-yielded the control by 256%, Callle manure by
171 % and rice husk by 97%. Al Sile 2 (Biemso No. 1), poultry manure oUl-yielded lhe conlrol by
77%, cattle manure by 74% and rice husk by 53% while at Site 3 (Biemso No. 2), lhe trend was
similar with poultry manure oUl-yielding lhe control by 154%, cattle manure by 103% and rice husk
by 90%.

Considering lhe long lerrn beneficial effects of organic matter on both soil physical and
ebemieal characleristics, environmental soundness aod the availability and affordaqility of lhese
materials wilhin the Ghanaian society as againsl lhe high cost of mineral fertilizers (100%
imported), organic amendments could be relied upon as 001 only effective sources of plant nutrients
lhat can significantly help in increasing rice production under effeclive management but also as
effective sources of preventing any further soiVeovironmental degradation and
maintaining/improving soil produclivity.

Keywords: forest ecology, Ghana, lowlands, organie amendments, rice
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MALAKOUTI M.J., BYBORDI A. and MAJIDI A.

Tarbiat Modarres University and Researchers, Soil and Water Research InSlilutc, Iran

Grapes, bcing one of the high calorie foods, could become a good source for exchange
currcncy, if improved and exported as high qualily raisins. An experimenl was designed lO lesl lhe
addilional effccts of potassium and micronulrienls on ¡he grape yield, sizc and color, and ilS nUlrient
contcnts for lhe first harvest and lhc following lWO years. No fcrtilizers were supplied lo lhe
vineyards in the lhird year. Two vineyards more Ihan 15 years old were selected al Malayer and one
vineyard al Malakan. During mid April 1998 lhe Malayer and Malakan vineyards were lrealed wilh
fertilizers. Each vineyard was divided inlo lWO halves. One half receivcd grower's convenlional
fertilizers. The olher halfreceived balanccd fertilizalion. The treatmems were complcled befare lhe
growing season, after lhe vineyard soils had been sampled for analyses. T\Vo years lalcr lhe planl
leaves as well as lhe soils \Verc samplcd for tesl resulls. The vineyards yicldcd 87% more grapcs in
lhe firsl year, when lhe average yield from lhe lrealed seclions of the I\VO Malayer vineyards had
incrcased from 2 J.8 1ha'\ (conlrol scclion) lO 32.4; al Malakan lhe lrealed sections yielded 72 l ha'\
compared Wilh 28 for lhe conlrol scclions. Furthennore, lhc sugar conlenl had increased by 4% for
Malayer and by 7% for Malakan. The resuhing raisins \Verc also larger wilh a morc dcsirable
yellowish color. The concenlrations of iron, zinc, and copper in lhc grapes from the conlrol seclion
of Malayers vineyards were 23, 11 and 7 mg kg'\ \Vhile these values \Verc 27, 9, and 8 and 1.7
respcclively for lhe fertilizer trealed grapes. These measurements \Verc made during Ihc AuguSl of
lhe second year of lrealmenls for Malayer vineyards and after lhe firsl treatmenl for Malakan
vincyards. In lhe lalter case lhc grapes iroll, zinc and copper contents \Verc 20, 7, and 4 mg kg"\
respectively for lhe control seclions and 38, 12, and 7 mg kg'\ for lhe lrcated seclions. The resulls
for lhe Ihree consecutive years show lha! lhe soil applicalion of fertilizers will improve grape yield
and quality for al least two years and on Ihe basis of soil and climalic condilions, Ihe yields maybe
higher for Ihe lhird year.

Keywords: micronulrienls availability, grape, yield, quality, calcareous
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Nutrient balance and use efficiency by soybean
in a Nigerian Alfisol

ADURAMIGBA-MODUPE v.o. (1), TIJANI-ENIOLA H. (2) and JAGTAP S.S. (1)

(1) [ntemationalInstitute ofTropical Agriculture, PMB 5320, Ibadan. Nigcria
(2) Agronomy Dcpartmcnt, University of Ibadan, Nigeria

Field studies were conducted during the 1995 and 1996 growing seasons at lbadan (7° 56' N; 3"
45' E) - a derived savanna in Nigeria, to evaluate the dynamics and balance sheet of soil N and P
and measure N and Puse effieieney (kg grain per kg available soil N and P) under two N (O! and 60
kg ha'!) and fraetional reeovery (FR) model ealculated P (MP): (O, 15, 30, and 60 kg ha' ) rales,
with soybean as a test crop. Mineral N ranged from 46.1 to 57.5 kg ha'!, while P varied between
1.9 and 5.4 kg ha'!. The mean N eontent aeross all P levels showed 6% decrease by 60 kg N ha'!
(60N) rale over the control (O kg N ha'!), while that of P was 20% less than the control. Addition of
60 kg N kg ha') with MP gave the highest grain and stover yields of 1.77 and 3.62 t-Ig ha-!
respectively; ¡hc grain yield was 18% bettcr than that ofthe soil P (O kg P ha'!) rale. Grain N and P
uptake was enhanced by applications of N and P fertilizers. with the MP and 60N combinations
having thc highest amounts of 92.1 kg N ha'! and 1.9 kg P hao! respectively. The mean N and P
uptake was 19 and 6% higher than the control, respectively. The amounlS of P in the soil have a
strong relationship with P uptake, leading to higher grain yield. Mean N and P balances (-121 kg N
and -7.7 kg P ha'!) showed (P<0.05) depletion at higher N and P fertilizer levels suggesting those
output eomponents (crop uptake. N and P losses from soil) accounted for the negative balances. The
MP rale however increased N and P balances by 19 and 14% over the control. NUE and PUE of
soybean deereased (P<0.05) with increasing rates, suggesting that under low N or P. differences in
fertilizer NUE and PUE were due to variation in N and P utilization, whcreas at high Icvels.
differences were due mainly to variation in uptake efficiency. The integration of nutrient usc
eflicient legume and balance studies with the MP rate can lead to a better understanding of thc
fertility ofNigerian Alfisols.

Keywords: nutrient balance, efliciency, soybean, Alfisol, fractional recovery, model
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Potassium leaching under different nitrogen managements

ALFARO Marta (1), JARVIS Steve (1) and GREGORY Pcter (2)

(1) Institute ofGrassland and Environmental Research (IGER), North Wykc Rescarch Station,
Okehampton, Devon, EX20 2SB, UK

(2) University of Reading, Departmenl of Soil Science, Reading Berks, Reading, RG6 6DW, UK

Nitrogen (N) affeets the availability of potassium (K) in soils. Applicalions of N inerease levcls
of dry maller production and decrease the Icvels of available soil K. It was expeeled thal smaller
losses of K would occur from systems given high N inputs.

The sludy was carried out in small farmlels receiving Oor 280 kg N ha'! a'! as mineral fertiliser
(N-, N+) with or without Faml Yard Manure (FYM), and Wilh and ",ithoul artificial drainage. T\\o
drainage seasons were studied and amounts of total K lost and K eoncentralions in the leachales
were measured. TIte trend of K conccntration in leachales ovcr time and its inleractions with rainfall
intensity and now chardeteristies were analysed.

Pre1iminary results showed that total K losses were 52% higher in thc N+ plots and 50% lower
in the D+ pIOIS. Thc firsl results reneet the highcr K concentralion measured in the samples
obtained from N+ treatmenls, relaled to !he applieation of FYM. The second effecl was probably
related to the higher levels of dry malter production observed in lhe D+ trcalments during the
growing season prior thc drainagc period in sludy.

The incorporal ion of N to lhe system should reduce lhe al110unts of K lost when no K inputs arc
made to the systcm at eritical points of the drainage season, such as previous to heavy rainfall
events. Rainfall eontrollcd K losses by leaehing by affceting thc tolal amount of drainage generated.

Keywords: potassium, leaehing, grassland systems, nitrogen
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Catch erops in .organic farming systems without
livestock husbandry: model simuhitións

MÚLLER Torsten (1), JENSEN Lars Stoumann (2), MAGID J~k~b (2), NIELSEN Niels
Erik (2), HANSEN Soren (3) and THORUP-KRISTENSEN Knstlan (4)

(1) Depl. of Soil Biology and Plant Nutrition, Faculty 11, University of Kassel, Nordbahnhofstr.

la, D-37213 Witzenhausen, Gennany . '
(2) The Royal Veterinary and Agricultural University, Depl. of Agncultural SClences, Planl

Nutrition and Soil Fertility Lab., Frederiksberg. Denmark. .
(3) The Royal Veterinary and Agricultural University, Dept. of Agncultural SClences,

Agrohydrology and Bioc1imalology Lab., H0Je Tastrup, Denmark ,
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Denmark

This paper presents simulations of the soil-plant-atmosphere modc1 DAISY based on an
or anic crop rotalion wilh incorporalion of different catch crops fol\owm~ pea as a legummous cash

g S . I I 'se was put on the simulation of N_mmeralisallon/-Immoblhsa\lon and of sOlI
crop. b~elcbla emp la

N
sl The DAISY model was able to simulate soil mineral N and soil microbial

mIcro la lomass .
biomass N after soil incorporation of catch crop plant residues to some extend. Several processes
need further attention and may bc integrated inlo the DAISY mode!:. (1) sOlI tll\age mduced
mobilisation of organic material inc1uding considerable amounts of or~amc N, (2) wmter kll\mg of
sensitive plant species and varieties, (3) decomposition of plant resldues at lhe SOlI surface as
occurring after winter kil\ing, (4) decomposilion of easily decom~osable planl resldues at low
temperatures, (5) soil microbial residues as an orgamc pool temporanly prolecled agamst lumover.
Furthennore, reliable criteria for the subdivision of green plant res,dues mto an easlly

decomposable pool and a more recalcitrant pool have lo be developed.

Keywords: organic fanning, calch crop, DAISY, model\ing, mineral N, soil microbial biomass
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Nitrogen and phosphorus responses to wheat
urider FYM application

GUPTA A.P., NARWAL R.P. and ANTlL R.S.

Department of Soil Science, CCS Haryana Agricultural Universily, Hisar 125 004, India

The results from Ihe long-tenn field experimcnts conducled at various locations indicated lhal
the produclivity of the soil is decreasing duc lo the decrease in the organic matter eontcnt of the
soils. The results of another long-tenn (starting winter 1968) field experimenl under a pearl mil\el­
wheal cropping syslem indicate that applicalion of nitrogen responded linearly up to the highest
dose i.e. 120 kg N ha" at al\ the levels offannyard manure ranging from Olo 90 t FYM ha" v". lt
was also conc1uded that application of 15 t FYM ha" y"' preferably to wheat eould suslain íligher
productivity. Several workers reported lhat the fenilizer N dose could be reduced under man~rcd
condilions. Therefore another field cxperiment was inilialed in 1996-97, lo study the response of
nilrogen and phosphorus under manured condilions. Fannyard manure was applied in winter al 151
FYM ha" y"'. Nitrogen was applied al O. 40, 80, 120. 160,200, and 240 kg N ha" and phosphorus
at O, 30, and 60 kg P,Os ha" lO wheat crop. The experiment was condueled in randomized block
design keeping three replieales of eaeh lreatmenl. In summer pearl millet was grown on residual
nulrients. At malUrily, the erap was harvested and the grain and slrdw yields were recorded.

The results indieale lhat wheal erap responded lO nitrogen applicalion bul did nol respond to
phosphorus application after lwo years of FYM application. Therefore lhe data for last lwo vears
was seleelcd lO sludy lhe N responses to wheal. The response of wheal lO N applieation' was
quadralie for bOlh the years - 1998-99 and 1999-2000. The dose of N for highest grain yield was
188 kg during 1998-99 and 196 kg N ha" during 1999-2000. The increase in the dose by 8 kg N ha'\
dunng 1999-2000 was due to high grain yield owing 10 lhe favorable weather condilions
particularly in Ihe months of February and Mareh. The qlladratic function was used lo estimalc lhe
optimum dose for nitrogen using priee of 1 kg N. price of I kg wheat grain. price of 1.5 kg of wheat
straw, eoefficients "b" and "e" of the equalions. It was observed that lhe optimum dose of nilrogen
was 173 kg during J998-99 and 183 kg during 1999-2000. Highcr doses of nitrogen in the presence
of FYM was due lO the increased produelivily of wheat crop coupled with more N loses under
manured eondilions. lnereased N losses under manured condilions have been reponed by several
workers. The results of lhe soil lest indieale that organic carbon, available P and K content
inereased due lo FYM application. Available K contenl of !he soil increased under manured
condilions whereas, Wilh lhe appliealion of K fenilizer lhere is continllous depletion of available K.
Thus manure appliealion is mus! for maintaining K status of the soils.

Keywords: fannyard manure, wheat, nilrogen response, optimum dose
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The role of soil properties, culture and fertilizers in
change of fertility of degradated soils

NAZARYUK V.M., YAKUTlNA O.P. and KLENOVA M.1.
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Novosibirsk, Russia

Degradalion is one of lhe major faclors resulting in essential reduction of soil fertilily. On
degradated soils grain yield is signifieanlly reduced as the soil fertilily is exh?usted. In particular,
on non-degradaled leached Chemozem the yield of spring wheat cropped wnhout appltcalIon of
fertilizers has praclically remained wilhoul change in four years of rotallon, and on \~'eakly

degradated analogue it has decreased by a faclorof 3.1. The dccrease in wheat produclIVlIy IS first
connecled with the changes ofthe soil's nitric reglme. Plants nutrlllOn occurs at heat deficlency due
to initial stocks of nitrate soil nitrogen and current mineralization of orgamc mallero In expernncnts
lhe initial conlenls of nitrate nilrogen in non-degradated_and weakly degradaled soils were similar
i.e. 76-96 al lhe beginning of experimcnl and 30-37 mg kg· 1 at the end of thc tlmd ycar
respectively. The basic changes occur allhe expense of current mineralization of orgamc substance

ofsoil.
The agricultural cultures differently mobilize nitrogen of soil resources. For whcat. barlcy

and oals which have wide ratio C:N (>20) in overground phytomass. trash covenng results 111

reducing'the rate ofnitrogen uptake. In lhe course ofthree rotation ofmodel crop-rolalion (9 years)
at trash covering a tendency was observed lO decrease the productivily of cereal crops and remove
lo nitrogen of phytomass approximately as much as 5%. lt is connected with the preval~nce of
immobilizalion of soil nilrogen over its mobilizalion. To compensate lhe efTect, the weak 0I1rogen­
mobilizing ability of plants and lhe additional application of mineralnitric fertilizers .is reqUlred.. .

For the cultivalion ofvel!etable cultures. on the contrary, trash covermg whlch IS charactenstlc
of narrow ralio C:N, resullS' in increasing lhe produclivity and as, consequence, increasing crop
removal of soil nitrogen up 10 12%. .

The properties of soil play an 'impotent role in lhe mobilization of nilrogen in sOlI resources.
For five years of realization of experienee on leached Chemozem lhe producltvlty of grall1 cultures
was higher by a faclor of lA, lhan on soddy podzolic soil. Simultaneously with lhe increase of
productivity of grain cultures nitrogen uptake from soil has raised. The planls used OItrogen on
Chernozem by 42% more than on soddy podzolic soil. ..

The applicalion of mineral fertilizers allows, under favorable hydrolhermal cOlldnlOns, to
increase the yield of grain cultures by 69%, on soddy podzolic. grey forest soils .1 02% a?d leached
Chemozem 21 % respectively. Hence, using opportunilies of culture and fertlltzers n IS posslble
appreciably to lower a role of processes of degradation and to increase thus sustainability of the
functioning of the agroecosyslem.

Keywords: fertility, arable soil, soil properties, nilrogen, phosphorus, potassium
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Linking litter quality with decomposer functionality for
a better understanding of plant litter mineralisation

NEERGAARD Andreas de and MAG/I) Jakob

Royal Vetcrinary and Agricultural University. Department of Agricultural Seiences,
Thorvaldsensvej 40, DK-1871 Frederiksberg C, Denmark

We wished to study how nitrogen and subslrate availability atlccted the deeomposition of planl
lillers and the enzyme activity in lhe soil.

lt has been demonstrated lhat in some cases higher nilrogen levels in soil slow down lhe
decomposition of recalcilram lillers (reviewed in Fog 1988). In a laboratory study we incubatcd
rape straw in soil and followed its deeomposilion for 200 days. Three main variables were lesled: l.
Grounded or ungrounded plam material. 2. Plant lilter mixed or stratified (Iayered) in the soil and 3.
High or low mineral N conlem in the soil.

AII three variables influenced the carbon mineralisalion from lhe plant lilter. Stratifying the
plam lilter, increasing soil N. and grinding the lilter all led to lower carbon mineralisation rates.
Conlrary, the nitrogen immobilisation was larger in the lreatments eomaining ground material. than
in the ungrounded. Net nilrogen immobilisation was 3-4 limes larger in the mixed treatments than
in the slratified. lt is suggesled that the microbial biomass is belter prolccted from predation when
the plant liltcr is ground and niixed leading wlarger iml1lobilismion ofnilrogen.
Future aspeets of the study are diseussed.

Keywords: liuer quality, deeomposer eoml1lunity, carbon mineralisation, enzyme aCli"ity,
nitrogen availability
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Precision chemicaI analysis of soils to support
precision management decisions

OLNESS Alan (1), KUNZE Bruce (2), LIESER Michae\ (3), WEISER Hal (4) and RINKE

Jana (1)
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Technological advances in application of fertilizers and crop cultivars have expanded the
potenlial for more precise management of soi!. These advanees are enhanced by careful mappmg of
soil resourees and an evalualion of their physieal and ehemlcal atlnbutes. Chemleal charactenzallon
of soil by eonventional methods is tedious, expensive and provides li~iled inforrnation. Resm­
extraetion of soils enables lhe simultaneous extraetion of 20 or more readlly exehangeable e1ements
(Olness el al, 1990; Olness and Rinke, 1994) when the resin eapaeily is mainlained as a fraetlon of
the soil exehange eapaeity and neutral salts are used as exehange JOns. Through use. of lhls
leehnique, Olness el al (1999, 2000, 2001 a, and b) were able 10 idenl~fy eo~plex vanad~um (V)
inleraetions with phosphorus (P) and of magnesium (Mg) inleraelions wllh calclUm (Ca) wlth plant
genotypes of maize (Zea mays L.), soybean (Glycine maY: L.), a~d wheat (~riticlll~l aeslivllm L.).
Grain yield gains or losses of as mueh as 20% were assoe131ed wllh lhe spe~lfic s011 exehangeable
ions and eilher variety or hybrid. They were also able to show lhat sOlI mappmg-U1l1ts were
distinguished easily by their suile of exehangeable ions.. . . .

Olness and Rinke (1999) were able lo show dislinel d¡fferenees m the sUlte ofresm-extraclable
elements between soils within a field. From these early observations, the question emerged as to
whether or not units within a region maintained distinet protiles throughout the range of mappmg
units. AIso, did chemieal exlraetions obtained in one portion of a mapping region remain the same
for soil mapping unils in other portions of the region? If lhe resin-extraeta?le eharaclenstlcs
assoeialed with plant produclivity remain stable lhroughoul lhe region, lhen so11 mappmg can be
used as an important 1001 in selecting soil management options for crop produelion. In order lo
address these questions, we examined the Bames and Buse soils throughout their mapped reglOn
(170,000 krnl) in the Northem Great Plains.

Keywords: resin-extraction, phosphorus, ealcium, sulfur, magnesium traee-e\ements
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Soil fertility as an ecosystem concept
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The inlention of lhis paper is lO open debate on the selection of researeh priorities in soil
fertilily thal is based on a framework in whieh lhe managemenl of soil is approached from an
ecosyslem pcrspeclive. This ecosyslem framework involves understanding the properties and
processes wilhin lhe soil, biola, and vegelation componenls as well as lhe interactions among them.
There are underlying biogeochemieal processes lhal describe the componenl processes and
interactions among lhe eeosyslem eomponenls; these proeesses can be quantified and lhus lhe
framework eould serve as a basis for idenlifiealion of lhe keyslone properties and processes
essenlial for mainlaining lhe produelion and environmenlal funelions of agroeeosystems. The soil
is secn as the inlegrator Ihat delermines many soil and eeosyslem proeesses and funclions. The firsl
slep for proposed approaeh is lO idenlify key soil proeesses and properties lhat influenee fertilily
and then lO manipulate them through agroeeosyslem designo An agroecosyslem is eharaeterized by
ils vegetation - in lerms of diversily, spalial and temporal arrangement and management. This
design influenees the quality of lhe organie inpuls, eomposition and aelivity of lhe associated biola,
lhe nulrient-use efficiency and nel nulrient and energy balance of lhe system. A major researeh
ehallenge is lo delermine lhe amounls and diversily of carbon inpulS needed lo mainlain lhe soil
biologieal system, ineluding lhe key funelional assemblage of biola, and componenl soil propenies
and funelions. Once lhe links are known lhe challenge is lO design and manage agroeeosystems
aecordingly. Ullimately peopIe are the key lo suslained managemenl or agroeeosyslems. The
seleelion of agroeeosylems by farmers is determined by lheir produetion goals and strongly
influeneed by experience, knowledge and cullure. The largel for researeh is lo idenlify lhe set of
agroecosystems lhal is possible wilhin lhose human and environmenlal eondilions lhat meet Ihe
joinl aims oflhe produclion goals ofthe farmer and a suslained nalural resouree base.

Keywords: eeosystem, nUlrienl eyeles, biodiversily, seale
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Nitrogen management in a maize cover crop rotation
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Conservation tillage and Ihe use of cover crops are key factors to achieve sustainability in
tropical agricultural systems. Considering N conservation a leguminous crop should be used as
cover crop, but in tropical areas with dry winters there are no legumlnous specles able to grow \~ell
and develop a good mulch for the following crop. Sorne grasses such ~s black oats and pearl mlilet
are suitable as cover crops, but in Ihis case thcre is a strong compelltlon wlth the followlng malll
crop for nitrogen. An experiment was conducted 10 evaluate the effect of non-convcntlonal N
manaoement on a maize cover crop rotation in avoiding the deletenous effect of N compelltlOn.
Black

o
oats, pearl millel, white lupin, black oats fertilized with 60 kg ha'l of N~ pearl millet fertilized

with 60 kg ha'\ ofN, were grown during part of fall and winter. The next spnng malze was planted
without tillage in subplots receiving O, 60 and 120 kg ha,l of nitrogen. Soil, slraW and plant samplcs
were taken at 30 day intervals. The soil was sampled down to 60 cm deep. Most ofthe N released
from the straw was found as nitrate and ammonium in the soil up to 60 days after malze emergence.
The NO]:NH4 rate found in soil was around 1: 1, and there was no effect of N management or cover
crops. NO] and NH4 contents in the soil down to 60 cm were uniformo After 60 days from malze
emergence, the soil N declined as it was absorbed in considerable amounts by malze. Pearl mlllet
and black oats were belter than white lupin as catch crops for nitrogen, but Ihere was a decrease In

maize yields when it was cropped after Ihese grasses wilhout N fertilization. To avoid N
competition when using black oat or pearl millet as cover crops before maize the N rate to be used
must be split, applying half of the rate to the cover crop and the other half to malze.

Keywords: ammonium, conservation tillage, nitrate, no till, soil fertility, soil nitrogen
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Modeling of the mineralization processes after
manure fertilization in soil

ROSSITZA Mitovska and ZDRAVKA Petkova
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D.J<jrham and W.Bartholomew (1954, 1955) are the flISt who had used Ihe mathematical modcls for
detem1ination of mineralisation and immobilization rates upon Ihe data obtained Ihrough the melhod.
Simultaneous usage of ISN dilution technique and mathcmatical modcling allowed to elucidate the essencc
of N transfonnation in soil and their dynamics. 111is is important for N nutrition of plants and creating of
correct agrochemical management. 111e experiments arc carned out using 2 soil types with contrasting
propertles - Leached Chemozem and Pseudopodzolic Cinnamon Forest Soi!. Both laboratory experiments
are threc,factor ones, as Ihe lirst factor in experiment A is mineral fertilisation with N, whilc in experiment
B the flISt factor being fertilisation wilh P20s applied in two levels: Oand 0.2 g kg'! soi!. The second factor
is manure wilh five leve1s of variation for creating different C:P ratio, namely 45, 30 and 15. The Ihird
factor is humidity in two levcls - 40 and 80% of the water holding capacity (WHC). Experimental results
showed Ihat Ihe highest quantity of~-N is measured in compost with Leached Chemozem 2 weeks
after manure application. The same regularity is established also in compos! wilh Ihe second soil type.
Nitrilication processes run with bigger rates during the first 2 weeks. 11le highest quantity of NH., NH,
and NO] is accumulated in compost where C:N ratio is lO and 20 and Ihe lowest - where CN ratio is 30
and 40. Nitrification processes run more rapidly in 80% humidity bu! amonification processes, in 40010. In
compost wilh Pseudopodzolic Cinnamon Forest Soil Ihe mineral N fertilisation do not accelerate
mineralisation of organic malter in comparison wilh Leached Chemozem. During Ihe composting of
manure and superphosphate in Ihis soil Ihere is observed to be a negligible NH.-N quantity. The
nitrification runs most intensively in compost with C:P ratio 45 during 2 months. The quantity of mineral
N is decreased wilh Ihe increasing ofcomposting periodo The quantity of mineral N is decreased also wilh
Ihe decreasing of C:P ratio while wilh C:N ratio Ihe situation is opposite. In Ihe composts with Ihe second
soíl type Ihe content of NO]-N is increased wilh Ihe increasing of the composting periodo lt is observed
more intensive mineralisation in Ihe treatments wilh C:P ratio - 45 and 30 in comparison \\~th Ihe different
C:N ratio. The data oflhe experiments A and B is processed applying Ihe dispersion analysis melhod. This
melhod allowed to determine which controllable factors (mineral fertilizing wilh N and P, soil humidity
and time) affect significantly Ihe transformation of Ihe organic N compounds in soil after application of
organic maner. Having in mind Ihe disadvantages of Ihe empirical models received for ~, NH, and
NO] Ihe follo\\wg semiempiricaJ model is proposed for Ihe experiments A and B: Y = bo +b¡*n +~*org

+b]*(H-40)*exp(b4*t)log(bs*t), wbere Y is Ihe amount ofNH., NH2 and NO]; n - Ihe nitrogen applied;
org -. Ihe applied organic substances; Ho/o- humidity; t- time of sampling. This model has Ihe advantage
Ihat lIS parameters a1low an interpretation rich in content. For example Ihe bo coefficient is Ihe initial
amount of nitrogen in Ihe soil; b! is Ihe change after Ihe mineral fertilizer application; ~ - Ihe change after
application of organic substances; b¡ - Ihe infIuence of bumidity. The exp(b4*t) terrn determines Ihe
immobilization and Ihe iog(bs*t) - nitrification. The empirical and semiempiricaJ models obtained allow as
10 estimate quantitatively Ihe processes of rnineralisation in soi~ conducting to Nl4 NH, and NO]
formation and nitrogen assimilation by plants after rnanure application through Ihe índices yield and
nitrogen uptake. To Ihe main conclusions should be added lhat !he C:N ratio 20: I is optimal for Leacbed
~mozem, while for Pseudopodzolic Cinnamon Forest Soil it is 10: l. Tbe mineralisation of organic N
mercases during !he first 2-8 weeks, reaches minimum towards Ihe 16lf1 week and then reaches a certain
level towards Ihe 481h week..

Keywords: ISN dilution technique, N transformation, manure fertilization
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Tillage, liming, and straw management effects on
N cycling in an acid soil
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\Ve in\estil!aled the effecls ano inleraclions (Ir lillage. 1iming and aop residlle removal on
inor!!anic and ~icrobia1 biomass N, and l\: uplake al' cmps gro\\n in rOlali(ln in 311 acid soil from
199R lO 2000. Thc experimental IrealmenlS \Vere faelorial combinalio,:s (Ir n?-lill. ~NT) or
con\ enlionallillage (CT). unlimed (soil 1'11 5.0 in 0.01 1\ I CaCI,) or IJmed (/.5 1 ha . pil ).9). antl
straw remo\'ed or relaincd. The erop rOlalion "as a barky-cal1ola-fidd pea scquel1ce. "'lIh all
phases grown every year. Nitrate contenl in the surfae<: soil al seedil1g ",as inereaseJ by NT
eompared lO CT on1y in un1imed soil, whereas soil mierobial N during crop gro"th "as lIlcreas<:d
under NT in Ihe limed soi1 only. Straw retenliol1 oecreased soi! nitrate at secdtl1g and tI1creaseo sol1
microbia1 N. However, soil managemenl effeets on soil N stock were not significant every year.
Crop yield and N uptake was inereased by 1iming, antl by NT as compared .10 CT.. Ho\\'ever, lhe
yield and N uptake difTerences dlle to tillage systems were significan! 0111y In the Itmed sol1, Le ..
followed the trend sho",n for soi1 mierobial N. Crop resldue effect on Yleld and N lIplake "'aS smal!
and not si!!nifiean!. N c\'elinl! over lhe study period was not afketed by stra\\' lllal1agelllen!. The
pal1itioning of planl \J 'rr(llll- ditTerenl S"lIr<:es in lhe soil \Vas innllenced on\\' by lhe eroppll1g

sequenee.

Kcywords: N cycling. erop rotal ion. Icgllme. limil1g. stra\\, management, lillage

Effect of the levels of satllration for bases of soils in the lIptake
and available of nlltrients in coffee tree

SO 'ZA l.uiz Ilumherto. SOUZA José Olimpio dc JI.. CAR!'>'ICF.LLI.José IIlll1lh~rto dc
Araujo. i\lI::LO F1L1~0 .José Fcrnancl~s. CAR\ ..\1.110 Gi1herlo Sanl'lna a",' OLl\'EIRA
Carlos Alberto Cosla

UESI3 - DFZ. Cx. 1'0s13I 95, 45100-000, Vitória da Conquista. l3ahia. Brazil

Acid soi1s occupY abolll 30% (3.95 b ha") 01' the world's ice-free lano arca. P1al1l gro,,·th­
limiting factores in acid soi1s ine1ude deficiencies (l\:. P. Ca, Mg. Zn) and toxicities (Al. Mn~ Fe. H)
ofelemel1ls (Foy. 19X~). The efficiency ofadded fertilizers is \'er)' low in acid soils. The il1legraled
plant nlltrienl managemenl system is importanl 10 improvc crop yie1d potentials in aeid. intertik
soils. In tropical SOlllh America, 85% ofthe soils are aeidic and approximately 850 m ha· 1 ofunder·
1Ililized aeid soils exist in this region. The objeeli\'e 01' lhal work was to delennine values of
salllralion of ideal bases. for lhe tree conee. for soils wilh differenl textures and sOllrces 01' aeidit\'
(H and Al). The experimenl was formed by 4 soils (Table 1) and 5 salllraliol1 levels for base's
(nalural soil. 30%. 50%, 70% and 90%), ",ilh randomized in blocks to Ihe mavbe and with 4
rcpelilions. The change indueed in the 1evels 01' salllralion ror bases 01' soi1s 1(; get al liming.
afTcCled Ihe uplake ofnlllrienls oflhe lree eotke. P. K. S, B. Mn and Zn in sand soil,;~md N, K a;d
S in elay soils. The amount of K, el!, Mn and Zn available, inereased al V; 33% in media. on
appliealion of lhe 2.5 1 ha" in po!. Incrcase IwO lime lhe liming in lhe field. Probahlv in sanel soils
lhis dose is lo\\'. .

Tabk \ Mean \'alues for four tropical soils aeids eharacteristies (0·20 cm)

Soils

LA UESB
LA EBOA
LV Palmira
LA Limeir,
I Re1ation

pHI' pOi S:'I K" Al" V BOl Fe 2' Mn5J Cul. Zn' clay sanel
mg dm·~ mmolc

dm-.1 %, nnnn _____ mg dm-.i ---------- uUn_ g kg- l __ n __

4.3 2 34 0.7 19 4.5 0.3 68 1 0.9 U.9 315 577
~.6 1 27 0.9 18 15.3 0.3 108 4 0.7 0.9 354 "",
-l.~ 1 79 1.3 11 9.8 0.6 96 1 1.7 1.0 4:\1 285
~.2 48 1.4 23 9.2 0.4 76 2 0.9 0.5 :\38 311

soil : water 1:2.5; 21 Meh1ich-l; J CaHPO,.H,O; 'KCI 1 mollL; 5 Hot water.

568

Foy. C.D. 1984. Physiologica1 effects 01' hidrogen, a1ulllinlllll and manganese loxicities in acid
soils. 1'1'.57-97.//1 F. Adams (ed.). Soi1 Aeidiry and Lil1ling. Am. Soe.-Agron .. \1adison.

Kcy\\ords: coffee. acid soils. uptake nutriems
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Transformation of superphosphate in calcareous Chernozem

TSIGANOK V.D. and ANURIESII s.\".

Moldavian InSlilule of Pedology. Agrochcmislry and Hidrologv. 2070. ¡..: ishine\'. street lalovcni.
IOO.lnstitute ofPedology, Agrochemistry and Hidrology, Republic Moldova

Calcareous chernozems in Republic Moldova conlain in lhe ploughed .Iaycr 2.5-3.5'Y~ 01" humu,.
1--1% CaCO). Generally thcy have heavy loam texture. Phosphorus nulntJ\'e regllne 01 long-lcnn
cullivaled unfertilized soils is fonning moslly on accounl ofhul1lu> e!eeompo"lIloll. I~ pro\ Ides near
10 kg P ha ' annually. Participation 01" soil mineral I"raction in lhe I"onnlll~ 01" the available
phosphorus reserve is about I kg ha·1 y"1. In mulliannual cyclc stabilc rcservc 01 labilc J1hO~rhorus

is fonning around 90 kg P ha- I_Conlent 01" labile l' in not fertihzed chemozems IS 0.6 mg .kg 111 the
plougbed layer and diminishes to 0.3 mg kg" at a depth. of 60-80 cm, accordll1g to O.lsen S method.
Sucb poor phospborus nutrilive level is enough lo gel Ylelds of Wll11er wheal and malz: 2.4 and 3.5
t ha-r Average aonual rainfall 450-500 mm allows lo increase producllon lo 50-60~~. For such
yields contenl oflabile phosphorus according lo Olsen's method must be 1.5-1.7 mg kg . Thls level
can be reached by an annual syslemalical fertilizer rale 1'30. ., ..

In laboratory and field experimenls aulhors have gol next I1lfOnnatlon about solubillly of
compounds fonned in the proccss of interaction between granulated superphospha.te (7% water
soluble P) and calcareous chemozem. New fomled phosphates dlslnbuled 111 1Yo volume of
fertilized soil. In layers remoted from granules to 0-2, 2-3 and 3-4 mm, 5130, 1480 and 610
mg kg"1 l' precipitaled. Afier 6 monlhs inleraclion aboul 59% of preclpllaled phosphales
corresponded lo solubility producl of CaHPO•. AII precipitated compounds were soluble III repealed
eXlraCIS \Vilh 0.5 N NaHCO)_ The size of lhe reaction zone was constant dunng the 3 years .. The
processcs of difTusion anel \\'ashing a\\'ay \Vere slighl, phosphorus almost did nol 111Igrale In lhe
surrounding soil. Small reaclion zones shrinked into lhemselves, future transtonnatlons elapscd
direclly there.

In laboralory condilions where humidity and lemperature of soil were 20% and 20-30°C, new
fonned phosphales afier 17 months transforrned in less soluble salls 1I11errnedlaled belween
octacalcium phosphale and apatite. Amond lhem 65% were nol eXlracled 111 0.5 ~ NaHCO). ~n

field more arid conditions lhe process of phosphorus agll1g was slower by almosl twlce. Aboul 20 Yo
of applied phosphorus corresponded lo solubilily of CaHPO. after 3 years, 20% lransforrned 111

compounds which were nol dissolved in 0.5 N NaHCO).

Keywords: superphosphale, soil, interaction, distribulion, solubilily
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Phosphorus loss from grassland soils to water

T ':'\.'\t::y lIulJcrt. D.-\I.' "","ell "lid "ldU.ls"hd'"

Teagasc. JohnstO\\"l1 Ca:'11c Research Centrc. Wexford. Irdalle!

In Irdand ahout Itall" the I'hosphorus (1') loss to \\'ater is ft'llm agricultural sources and has
incrcased signifieamly o\'cr Ihe past 50 years, Nalional anc\ European Union policy and Icgislation
aim at reducing P lo,;,; ,,> \\ater in ordcr 10 reduce cutrol'hication. In Ireland_ lhe average SOillCSI p
has increased lcn told. frul1l kss than I 10 ovcr 8 mg P L- 1 soil, ovcr lltc pasl 50 ycars. In thc regil'n
90% of lhe agricultural area (-1 million ha) is grassland. Rcsulls 01" \\'ork on soil P dynamics in 11
Irish soils and on the loss of P in overland no\\' from four field siles are prescIlled_ Soil r
desorption, using three mClhods, depended on soil P test (STp). Soil P sorplion correlaled
negalively Wilh soil organic malter (OM) indicaling lhat OM may inhibil adsorplion from Solulion
lO soil. There is slrong evidence of a washoul effecl of P when overland now slarts in the aUlumn,
The high P concentralions al the sran of lhc overland now season decreased several fold over lhe
firsl 1\\'0 months ami ,¡ahili,ed al a lo\\'er Ic\'c1 unlil thc end of the main owrland now period in
March. The dissolved rcal:li\'c P (DRP) wncelllration in overJand now varics frol11 belo\\' lhe
deteclion limil (0.005 mg L-

1
) lO ovcr 6.0 mg L", The DRP losses were from <0,5 lo >4,0 kg hao'

per year. In lhe region of 75% of total P loss is present as DRP, which is considercd to be mainly
onhophosphate. During hea,,)' rainfall periods lhe DRP concentralion increases wilh lhe increasing
lirnb and decreases wilh lhe decreasing limb of rhe hydrograph. Therefore, much of rhe P load
(conceIllralion by volume) 10 \\'arer occurs in relalively shon periods during less Ihan 20 days of lhe
year. The results indicated a positive relationship between STP and dissolved reaclive P (DRP) in
\\'aler from lhe four grazed gras31and fields and are in good agreemenr with four studies from rhe
lila:nure, Thc cquatiún orhe,1 fil I"or tite fivc sludies \Vas: DRP =0,002(STP)'. \\ ith R' =0'12. Thc
results indicale rhal \\'aler qualily and grassland production are compalible. However, for good
water qualily il appears thar STP should be at or near lhe lowcr end of lhc range for optirnum
grassland produclion,

Keywords: phosphorus, waler, soil, grassland, eutrophicalion, agriculture
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Determining temperature coefficients for soil organic nitrogen
mineralization using TDR

Presentation: postcrPapcr no. 47

Determining critical nitrogen application rates
to reduce nitrate leaching in dairy pastures

Keywords: nitrogcn, leaehing, eycling, denilrification, grassland. nilratc

637

DI Hong J. and CAMERON Keilh C.

Over the pasl decade, Ihere has been a rapid increase in dairy fanning in New lealand. ilrale
Icaehing from inlensive agricultural systems, e.g. dairy famls. is eonsidered a major contributor to
inereased nitrate concentrations in ground and surfaee waters. The objeetive 01' this research
programmc was to determine nilrate leaching losses on dairy pasture systems as affeeted by thc
applieation 01' dairy shed eflluenl (DSE), nitrogen (N) fen1hzers and eow unne on free·dra1t11t1g
soils using largc, undisturbcd soil Iysimeters. The data obtaincd were used to develop a simple.
semi-empirical computer model to estimate nitrate leaching losscs and critieal N applieation rates to
minimizc nitrate leaehing.

Undistllrbed soil monolilh Iysimeters (50·80 cm diameter and 70·120 cm dCplh) were eolleeled
from a free-draining Templelon fine sandy loam (Immalllre Pallie soil; Ha/I/lIslepls) and were
inslallcd to a field Iysimeler laboratory. N leaching losscs werc measured al'ter Ihe applieation of
urea, ammonium ehloride, OSE, andlor eow llrine. The data oblained were then used lO develop a
simple, semi-empirieal management model to estimate N leaehing losses and critica! N applieation
ratcs.

The nitrogen leaching estimation (NLE) modcl is based on the coneept thal the annual N
leaching 1055 is related to the annual average amount of potentially leachable N (mineral N and
mineralizabe N) in Ihe soi1. and the annual drainage. The potentially leaehable N (NPL) is
detcnnined by the sum 01' annua! !luxes 01' N eyeling processes inclllding atmospheric N deposition
(NAO): fenilizer or effiuent N appliealion ralc (NF); biological N fixalion (No); net N mineralization
(NM); animal N retums (mainly urine) to the pastures (NA); pasmre N uptake (N.); volatilizalion
losses after the applieation of N fertilizers or effiuents (N,.); and denilrifieation loss (No) (Egn 1)
(kg N ha· I

).

N.L= NAO + NF+No + NM + NA - N.· Nv -No (1)
The relationship between nitrate leaching and NPL was established on the basis of the data

obtained from the Iysimeter studies.
The NLE lllodel estim·atcd that the critica! N application rales (abo"e which the NOJ·N

eonccntralion in the drainage water \\'ill cxcecd 11.3 mg NOJ-N L") for grazed paslure syslems
(with urinc input) were 160-200 kg N ha' l y"' if urea was applied, or 250-300 kg N ha· 1 if dairy shed
effiuent was applied. For cut pastures (i.e.no urine input), Ihe critica! appliealion rates were aboul
400 for urca, and 600 for OSE.

Cenlre for Soil and Environmenlal Qualiry. Lineoln University, Canterbury, ew lealand

Symposium no. 16
Presentation: posterPaper no. 1577

DE NEVE Stcfaan, HOFMAN Gcorgcs and HARTMANN Roger

Universiry 01' Gent, Oepanment ofSoil Management and Soil Careo COllpure Links 653. 9000 Gent,
Belgillm

\Ve have used the TOR's ability 01' directly measuring electrical conductivity of the bulk soil
0"" to detemline tbe temperature dependence of N mineralization from soil organic maller in a
loamy sand soil, and have compared this to actual measurements 01' the temperature dependence 01'
N mineralization. Calibration measurements were made with diffcrcnt amounts 01' KNO, at
different soil.moisture contents to calculate tbe electrical conductivity 0"",01' tbe soil solution from
the bulk electrical conductivityo", and the moisture content e. The actual 0"", was determined from
the conduclivity 01' 1:2 soil:walcr eXlracts (a'·2) with a mass balancc approach using measured NOJ'

concentralions. Using the paired combinations 01' 0".. aw and e, thc paramcters al' the Rhoades
eleetrieal eondllelivily model wcre estimaled. Mineralizalion 01' N was measured dllring laboratory
incubalions al six temperalures and also monilored using TOR. lera order rale conSlanls for
measured N mineralization ranged from 0.164 at 5.5°C to 0.865 mg N kg" soil day"' at 30°C,
respeelively. lero order mincralizalion rale constants k for TOR ealculated NO," coneenlrations
varied belween 0.070 (at 5.5°C) and 0.734 mg N kg' l soil day."' (at 30°C), whieh were slightly
smaller, but in the same range, as the measured values. Underestimation 01' the measured NOJ"

concentralions by TOR was due, at least partially, to differenees in calion eomposilion al' the soil
Solulion between calibration and mineralization experiment. A temperature dependenee model for
, mineralization from soil organie maller was filled to both Ihe measured and the TOR calcu!ated

mineralizalion rates, k and kTDR, respeelivcly. There were no significanl differenees between lhe
model parameters based on measured and TOR calculated data. The results obtained hcre were
promising for further use ofTOR lO monitor soil organic N mineralizalion.

Symposium no. 16
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E$19.diversity. of Azo.spirillum in O.rnamentill Rhizoshp'ere
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Soils of Karnataka

Thl' hindi\'t'rsil)' 01 ¡\:w.~/'¡rillllll/ wilh rl'Spl'C1 In (HIl"'II(,1l1.1I pl,\lllS grl1WIl in diffl'rl'lll ,1.~rlldil1\,llic rq'.illlIS ni }.:,Hl\,ll,lk.l, Indi,l, W.1S illVl'slig.lit'd in Iht' pn'.C:l'nl sil/ti)'. Dil'h'ft'nl !ot:.lliuIlS

r('prl's~nlilll~ flll\\'l·r·r.rtlwillg Mt·.l~, wl1l'll' IItl\\'t'f nl!ti\'.llioll Il<ls t.lkell 011 ,1 IMljl' sr,lll' (ur un'r .1 JlI'rÍl)d ur tilllt', \Vl'n' sl'k'dt'd (tlr i~ul;llil\g l\zll!il'irilllllll SI\P. lIy usint; Ihe C'nridullt>nl l'ultUrt'

Il'duliquí', Iho51'irilllllll isol.llt'S Wt,'rl' ubl.tillt'd Imlll soil ,\lId 1001 lissue o( di((e"l'nl orn.tllll'llt,11 (hll\'t'" 1'1011115. Eit;hl eir,hl A::,p~J'i,.illllllfslr.lins \\INL' isul,lit'd IrtlllI 11U' 15 (lifferE'nl (,lIl1i1il'S of pl.ml

spt'cies, whkh .u1·I~ro\\ll\ ill dirren'lll .If.ro l't:olugil'ill rl'l~jol1s o( KiHlli\l,lk.l. Thl'ir nlllur;l¡ ,1IId bitl~:lIt'lIIil'.ll dloll",lcll'rislks illdir,lll'tllh.11 55.06 pern.'nl W,I.C: ¡\w.",I¡rill,lw 1;/1f'fi'rtlW "ud 41.571lL'r n'nl

A:"~/lirilll/'" '1,.,,~;/nl."'·. '1 lit' Il'sl tI( 1111' isul.llt·s slul\\'l'd prnlwrlil's, whidl Wt'rl' ,1I)'pil-.tl u( IIIt.' h't"tII',lli7A'd sl~'dl'S. Tllt· "1.t1~J'i,.illlllll isol.ltl·S o( tht' urtl.lflll'lll,ll 1'1,11115 \'.lrit'LI in II\l'ir .lhility tu (jx

.ltlllosphl~rk ni1rut;t'n_ Thl' hi!',ht'SI ARA ,Hld t1illilrnGl~n (ixt"d ~~ 10( lllill.lh' w.'s rt'nmled in I\w:;/'irif/IIIII iSlll.l!t" OAO-2, whidl \\,,15 isol.lll'tl frum Gllillfln/;u I'I'-Jdll'flu. '" 11itfl'S)'llthesis of IAA "nu GA

by lhe 88 AwsJ'i,.iUII'" isol.lll:'s .lIld four rdl:'h'IKl~ slr,lins \\'.\S ex.llllillt·tl OflllH'diUIl\ wilh tr),l'lullt.· ,IS prl'nHsor. 1\11 1\2.1'.0>/1;,;1111/11 isol.llt'S Wl"'re st:rt't'Ill'd undtJr !~n't'll hous(' rOlldilion using G,iU",.,/ill

1,,".-111'1/11 as test pl\ll\t to Sl'll'lt t'ffjrÍt'1I1 slr.lins ftlr iIlUt.:ul,llill~ tht> (;Ililll/ltli,l Il/l/dll'lIlf ,\l\d ulill'r Olllo'lIlt.'lll,11 pl.lIlls. Tht' stlldr indil.lll'd 111011 Illi\xillllllll pl,1ll1 hl'ight, hiutn.1SS .tlld N·upt"kt' W,15

obst'rvetl in 1'1.11115 il\()(ul.llt.'d wilh 01\0-2. 01\1J·:\, UI\IJ·Y. 01\U·II, 01\0·21), lII\D·]7 ,1l1tllll\lJ·57, Wlh'U nJlIlI'.ll"l·d Iu tllhl'r ilHKUI,lll'd pl,llllS .llld / ur llllillUt:ul.lll·d t"tllltrol pl¡1ll1s. Frolll Ih(>

presenl ill\'esliJ~.llion, il is l'onduded tll.11 I\W.~/li,.iJlIIIII ,lIso h.uhotHS 15 f.ullilil'S of p¡i\lIt SPl't:il'S .I¡'MI (nllll gl".lllliIlíIC('tlll'. Tht! ¡SOI.llt! 01\0-2 proved lo 1"" 1'll'SI in N, fix.1Iion, .uHong also otllt'r

isol.\It."s. I\lso, il is inle,.estillg In noll' 11I.ll slr.lins Ot\t>·57 prudun'd tltl' highl'sl ['0111 I'I.111t trowlh prolllolilll~ <;lIt1sl.\lKt!S (11\'\ ,111d CA). This (.m illlp.'ll un L'lt·Ill'lid.11 ,Klivitit's u( this org.H1islll lu

OCll.111ll'1l1.11 pl.U1Is (or .'Ugllll'lllillg 11ll'ir (roll I'rodulljvily.

~B""A(:Í,(CI~QJjND'AÑD*o,ti [EtTIYES*
¡Hologit"illllilrtlt;t'lI JiXl'l S t'J tI'!" 1·(Olllllllinl1l.\' illlraL"!ivl' íllld l'l·lllog¡l·¡lll~· StHllld

Illl:'fllls uf rcdudllg I'XIt'fll<l1 N inpllt.<; íll\d iII1l1lll\'ii\L: Illl' qlli\lil~' 01 ¡!llt'm.1i
rt"SlHlrrt's.

¡MAi.'ERIAtSAN6·MI~ti-iobSN
.' " _. t ...........

Isol.llillll: Emi\ 11IIIt'llll·ullllrt' lt'i"lIl1iqlh' ilS dl'snill1'd 11)' Ui\~' illld 1)obl'irlll'r (JCJ76).

Plalll~ TIIl' l"lItll.'. pi llil' dilh'n'lIt UrllilllH'lllill plllllls wI'n' ndh'dl'd (mm Ihl' (¡cid Ihruuglioll
Kam¡llak,\.

Among Ihe vario1l5ln't! living l\ilru~l!1l lixinl; h.1l·leria, A::'¡lsl'i,.¡JlIIIII is
dominanl in lIitrogl'll fixing ílhilil)'.

The associatiolls of A2tl~l';rilllllll~pp. \\,Pf(' inilially rt'porll'd lo 1.>c fl'strktl'd lo
the gramU1í1CC,Ke (Doheirner ¡llld Da)", 1976).

J-ioW('Vl'r, lht'fl' h¡wl:' 1'll't'll 1lI,1l\~' rl'purls un 1111' .ISSlld,llioll uf tlll'Sl' t)ft~.ll\islIIS

wilh rools 01 ollwr plílllls (1 ,i'lxlllikulllari d 11/•• I Y7(,; KUlllilr el ul.• 1995; illId
UUltlitll¡, d 111., 1997).

t\lthuugh Ihe growth i1l1d I'liYSilllog~' uf llit' AZII~/'1II1I1I1IInlllul"l' i~ul.ll('d Ir01l\
(oragl' gr¡ISSl'S sllldil'd by SI'Vl·n.d \\'urJ...l'rs (U,I~' allll Dobt."irnl'r, 1976 ami Nur
('f 111.,1980), nolmuch in(urlni1titl1\ is H\'ilililbll' unlhc isolill€S fro1ll Ofll<II1\C'lltíll
plants and their pos5iblc role in lhe N tSUnolllY (l( lhesl' p)¿mls.

Identific.1tion 111 fUllllhlriS(lll \Vith ft'!l'reIlCe strnins u( A'Z.I'."/';ril/lIl1l lmlsi/t'/IS(' BR-llOOl nl\l

l\:,o:;lúiJlIIIII Ji'II~(¡"'1I11I UR-I lUSO (Ohlí1U1Pd (rol1\ ElIIhmptl, BrilziL) "nd m:cordu1g lo Ihe Bcrgey'·
1lli\llUill uf S~'SIt'IIl¡l' h.ll"ll'riolugy (Krl'ig Alld Ooueirner 19tJ.¡).

Nitrogen fixalion: A(l'I)'t'lt'lH' ft'dllL·tiun f\SStl)' (ARA) : I Iilrdy 1'1 al., (1968) methotl
i\li(ruKjt·ldllíll: Ilull\phril's (1956) t-.tl'lhod

lndul~ .lcl'lic .1dtl : Til'll d "l. (ILJ7I'); Gjbb~dlic acid plULluctiun : 1',dt.'J~ (1965)

,\11 EV.1I1l.llinll 1111\:'11"1,;,.;1111111 isul.lit·... lur pl.HII t;rl,wlh Pl"llllIUlltlll.llld llilruljt'1l fixaliol\ ltudt'r ~fl'l'll

hllllSl' cOlldil itll\.
Th~ soil : soillll J\l'.findlur.lll.lfIl1, LJ/\S. I )holfW,ld.l1l\t' J...g ,·allolt"fl.\· 1'"ls wt·ft'/illt·d wHh ilUltll:l.IV(,d
salid: suilll1ixlllrt' (1:1).

Fertili7,ers: SS!'; HU, t-.IOP; 75 kü ha 1. Nu N. Seeds: Gúllan/iol'I¡J¡/It'Jlu VIII" pida DGS-1.
lnoculum: AH H8 iSl)(¡lles wt'rl' nl!lllrt'tl U1 NII~-ll\flJale liquid uu'dia. Stnndard uux::ulums
(107 CFU ml· l ) u( 1'.K!I isolatl's inunllillrd Iu 1'¡KIt poI.

H~I\Cf', presenl illvestigi1lil)ll rnrrird lo kllow IIH' OlTurrCIlCt' u( A::'ll!'l'i,.i1111111
spp in the OflH\l1ll'l\lf\l plillll íllld llll'ir p()ssi(ll~ lIse í1S hio(Nlilizcrs (or
Ofllí1ll\t'1\1¡'11 plillltS.

5ix \\'t'l'ks ilflt'r pJ¡1Il1 Crow1h, í1I1IIH' plilnls wertl harvl·stt'(1. Planl SiHltpJes wen.' oven t.lried at 80 oC
(Uf -lB h. Tulal N "'as t'slimo\ll'd "r lI\Odifiptl KjcldallillllH'lhod.

C","1' I . 0,\ D·I,·2.· \,·~.·5.-(,,·111.. 11l._1~._21, ·,]1.·2'.-2'1.-1 \' •.'4, •.'M, ·.111.·~1l.··11 .•~ 1, .; l..) \'·55.·57 -112.·H,1,·I\.I,-H5.

Cro',,!, 1I : I IAD.7. 11.," •• 11.·-12.. 1\,.l~. 15.·11>. 17.·:.'!t1.·27,-211,-:\I1,·:'I1,· 12.·,'''., \7•. j;!, .1 '.-~3. ~ ..,-~7.·~II,·'''I,·5I1,·52.·5~,-75.·7ft. -77.
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The physiologiLal dUuil\'lcrs rt~\'tlall'd lhe Sllccl'ssflll isulilliuJ1 01 A:'(':'I';";IIIIIII slraiJ1s (rom
Ortlilllll'IlIi'l1 plnllls (rílbl(l 2).

Taull' 2. Tenl.ltive idcntificalion i\IJ sJliri1lllUl isol"les from orn4ll1lenlaL pl:lulS
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4. 01\1)·11
s. 01\1l·1t
•. 01\1)·)7
7. UAt)·S7
•. sr.~

•. "'·59
1O.1\CO·U

l;ig, 1. Morphologicill cll3raclcrislics u( s~l~clctl t\wspirillll/ll isuJalcs 011 sl'lIlisolitl (A),
UMS(U), Congo red (C) media.

AZ(lsl';rilllllll slmi.ns iSOli¡h't.I Jroll\ rools of OrníllllCI\Ií11 plants lmscd 011 their
ll\urphologinll dHlr.l(lcrislil· tlH'Y \,'l'n' ilS lulJu\\'ed.

Suusurfare pl!lIic'l~ i.n Sl:'llli ..olid l1H'dií1 (Fig. 1/\)
Pillk colouy 011 Bt-.IS 1'01.110 il~í1r (Fig. 1U)
Sl'arlcl l:olony 011 Congo tt'ti lllL'lU,1 (FiB. le)
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Tltt' 1\:'1I~/lilill"lII illlk:ld.lIL'd phmls shu\Vt'd dry I1\IISS. shuul h'ngth (FiG' 2) and nitrogt'1l uptake
Ib.m 111.'1 t1( 1IIlim.)!,:IIIi1It'd lUlllrul¡,l;lllIS (Tahlp 4).

'CONCLUSlbN'
"1. "VC' l:onfirnH.'d tllC' AZ(I~J'iIiJlIlIl1 l'xisl<'tu.:e h\)h(' r11izosp/lcrc uf onlll11H'nlc\l pbt1\t fO,~HiIi<:,s upnrl

fr011\ grnmU1iKC'í\t::e. .-,.

2. TJw ARA uf IIH' !\zCls/úriJJulII isolales ranged iro1ll40.0S (Az.'I!Ol'irilllllll slrnin OAD-24) lo 19S.41 11
111011'5 g-1 pWIC'ilt h·1 (A211:;l'irilllllll slrnin OAO·2).

3. Indolt' m:elit" ¡lcid Ill"oduclioll WilS ff\ll¡jed froU\ 1.12 (Azl'."/,i,.iJlIIIII slrnin OAD-7S) lo 38.2mg 100
mil (AzPf.I'¡rillllllJ strain OAD·S7).

--l. TllI' I\zll.""iliI1II1J1 isolatl.'s (}1\1)·2, OAD-3 ilml O/\D-9w(>l"l'101lIld lo tw t'ffidcnt inl1ilrogen
(iXillil1Jl illlt.!l'lilllt gruwlh pn111H1lk1n ()I" Guilltlrir/II pll/dll'lIulll\dl'r grl'ell huuse contiitioll.

.,. ~3 • e .... u N G lJ U t< N P" -.-. o N A L U N • V E FI S I ,-y m 1r



GOBIERNO DE CHILE
FUNDACIÓN PARA LA

INNOVACIÓN AGRARJA

PROGRAMA DE FORMACIÓN PARA
LA INNOVACIÓN AGRARIA

APOYO A LA PARTICIPACIÓN EN
ACTIVIDADES DE FORMACIÓN

17TH CONGRESO MUNDIAL DE LA CIENCIA DEL SUELO
Agosto 2002, Bangkok, Thailandia

ENFRENTANDO LA NUEVA REALIDAD DEL SIGLO 21

INFORME DE DIFUSION
Código FIA-FP-V-2002-1-A-33

Diciembre 2002



GOBIERNO DE CHILE
FU UACIO I'ARA UI

INNOVACJO AGRARIA

INFORME DE DIFUSiÓN
PROGRAMA FORMACION PARA LA PARTICIPACION

1 Nombre de la propuesta:
IActualización y Captura de Infonnación Científico tecnológica en el área de
la fertilidad de suelos y Producción de semilla: 170 Congreso Mundial de las
Ciencias del Suelo

~EncuentroCientíficO

Bangkok - Thailandia

1.3 Rubro I Area temática de la actividad de formació
Rubro: Fertilización y Producción de semilla
Tema: Manejo de la fertilización en producción de semilla de Trébol rosado
(Trifolium pratense)

Inicio : 14 de Agosto de 2002
Ténnino: 21 de Agosto de 2002

~net Fillppi

Intemational Society of Soil Science. Página Web: 17wcss.ku.ac.th

Sampong Theera Wong. President of the Congress
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1.8 Identificación de los participantes de la propuesta

NOMBRE RUT TELEFONO DIRECCION POSTAL ACTIVIDAD FIRMA
FAX PRINCIPAL

(\E-MAIL
Rolando Demanet 6.896.428-8 Fono 045-325450 Avenida Francisco Salazar Profesor /"-.....---- K\Filippi FAX 045-325453 01145, Casilla 54-0

rdemanet@ufro.cl Temuco. V
\ .

¡ '--L..-

~

Marcela Gonzalez E
Rectángulo

Marcela Gonzalez E
Rectángulo
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2. ACTIVIDADES DE TRASFERENCIA

2.1. Resumen actividades de transferencia PROPUESTAS

FECHA ACTIVIDAD OBJETIVO LUGAR N° Y TIPO
BENEFICIARIOS

Septiembr Presentación Oral Exposición y discusión de los Instituto de Agroindustria, Equipo técnico de
e de 2002 avances científicos y Universidad de la las empresas

tecnológicos en el área de la Frontera, Temuco multiplicadoras de
nutrición vegetal y fertilización semillas forrajeras 8
de especies forrajeras - 22 personas

Octubre Artículo Técnico Producción de semilla de Revista Frontera Agrícola 1.000 ejemplares de
2002 divulgativo en revista Trébol rosado. ti raje normal. Esta

Frontera Agrícola revista se entrega
por canje a
bibliotecas,
asesores, técnicos y
profesionales del
área agropecuaria

3
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2.1. Resumen actividades de trasferencia REALIZADAS

FECHA ACTIVIDAD OBJETIVO LUGAR N°yTIPO
BENEFICIARIOS

19 de
Noviembre
de 2002

Presentación oral Divulgar los principales Instituto de Agroindustria,
"Avances en avances logrados en el área Universidad de la
Nutrición Vegetal y de la nutrición de plantas Frontera, Temuco
Fertilización de forrajeras de interés para la
Especies Forrajeras" zona sur del país.

Profesionales de
empresas
multiplicadoras de
semillas,
comercializadoras
de fertilizantes y
asesores técnicos
del área.

21 de
Noviembre

Conferencia "Efecto
de la Fertilización y
manejo en la
producción de trébol
rosado en suelos
volcánicos"

Exposición y discusión con
estudias de post grado y
tesistas de pregrado en los
avances del manejo técnico
de trébol rosado en suelos
volcánicos.

Instituto de Agroindustria,
Universidad de la
Frontera, Temuco

Estudiantes de post
grado y alumnos
tesistas de
agronomía.

Noviembre Elaboración
2002 artículo técnico

de Manejo de semilleros de Revista Frontera Agrícola
trébol rosado

1.000 ejemplares de
tiraje normal. Esta
revista se entrega
por canje a
bibliotecas,
asesores, técnicos y
profesionales del
área aQropecuaria

4
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2.2. Detalle por actividad de transferencia REALIZADAS

Fecha 19 de Noviembre de 2002

Lugar (Ciudad e Institución) Temuco, Instituto de Agroindustria - Universidad de La Frontera

Actividad (en este punto explicar con detalle la actividad realizada y mencionar la información

entregada)

Charla a profesionales y productores agrícolas realizada el día martes 19 de Noviembre en el

auditórium del Instituto de Agroindustria de la Universidad de La Frontera. En esta actividad se

presentaron tres exposiciones de los profesionales participantes en el 17 Congreso mundial de

la Ciencias del Suelo. Dra. María de la Luz Mora G. con el tema "Una visión moderna del

concepto de fertilidad de suelos y uso de fertilizantes; Dr. Fernando Borie B. que presentó

"Potencialidades de los Biofertilizantes" y Rolando Demanet F. "Avances en Nutrición vegetal y

fertilización de especies forrajeras" El contenido de la charla se adjunta.

Fecha 21 de Noviembre de 2002

Lugar (Ciudad e Institución) Temuco, Instituto de Agroindustria de la Universidad de La

Frontera

Actividad (en este punto explicar con detalle la actividad realizada y mencionar la información

entregada)

Conferencia dictada por los profesores que asistieron al 1r Congreso Mundial de la Ciencia

del suelo a estudiantes de doctorado y alumnos tesistas y de ultimo año de Agronomía. Se

presentaron tres conferencias: " Influencia de los tipos de nitrógeno fertilizante en la nutrición

mineral del Trigo y Micorrizas (Dr. Femando Borie B.). "Efecto de la fertilización y manejo en la

producción de trébol rosado en suelos volcánicos" (Ing. Agr. Rolando demanet F.). "Efecto de

la materia orgánica y las propiedades de suelos volcánicos sobre la adsorción de sulfatos" (Dr.

María de Luz Mora G.). El contenido de la conferencia se adjunta.
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Fecha Noviembre 2002

Lugar (Ciudad e Institución) Temuco, Instituto de Agroindustria de la Universidad de La

Frontera

Actividad (en este punto explicar con detalle la actividad realizada y mencionar la información

entregada)

Elaboración de un artículo técnico relacionado con la producción de semilla de trébol rosado.

Este fue presentado al comité editor de la Revista Frontera Agrícola que edita nuestra

Universidad y que tiene un tiraje de 1.000 ejemplares.

2.2. Especificar el grado de éxito de las actividades propuestas, dando razones
de los problemas presentados y sugerencias para mejorar.

En la región existe siempre gran interés por el equipo tévcnico de las empresas por conocer
los avances en el cultivo de trébol rosado. Se debe considerar que anualmente se establecen
5.000 ha de esta especie para producción de semilla y forraje. La discusión se centró en el
incremento de los rendimientos que se pueden alcanzar en producción de semilla y forraje con
un manejo adecuado de la fertilización y riego.
Los estudiantes de post grado y pregrado presentaron gran interés por el conocimiento de!
manejo del trébol rosado en suelos volcánicos, esn especial, lo referente al manejo de
micronutrientes, dado que en esta área existe un gran numero de alumnos trabajando en este
tema.
El éxito de la publicación no se puede cuantificar dado que esta en proceso de evaluación por
el comité editor de la revista Frontera Agrícola.

2.3. Listado de documentos o materiales mostrados en las actividades y
entregados a los asistentes (escrito y/o visual). (Se debe adjuntar una copia del
material)

Tipo de material Nombre o identificación Idioma Cantidad

Presentación "Avances en Nutrición vegetal y Fertilización Español 1

Power Point de especies forrajeras"

Presentación "Efecto de la Fertilización y manejo en la Español 1

Power Point producción de trébol rosado en suelos

volcánicos"

Artículo Técnico Producción de semilla de Trébol rosado Español 1000

ejemplares

Marcela Gonzalez E
Rectángulo
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3. ASPECTOS ADMINISTRATIVOS

Indicar los problemas administrativos que surgieron en la preparación y realización de
las actividades de difusión.

Se debieron postergar las actividades de difusión, debido a los diversos compromisos que se
tienen en las actividades académicas de la Universidad
La publicación del artículo técnico esta sujeto a la aprobación del comité editor de la Revista
Frontera Agrícola.

Fecha: 6 de Diciembre de 2002

Firma responsable de la ejecución: ---+----i-i't-----r----''\""--

Marcela Gonzalez E
Rectángulo

Marcela Gonzalez E
Rectángulo
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Programa

Martes 19 de Noviembre

Inscripcl.6n., , .'

Dra María',de.la Luz Mora
Un~~l .v-Í,?ióQ ~,moperna del concepto de
fertiUdad dé 5lJelos y uso de fertilizantes

Dr,I''Ifierna'ndo Borie
Poten'cia'l~idadesde los Biofertilizantes

.~af&$,J",h ":~J
1~ ,~' '~
¡lJ ¡, ~:
.,. .¡ '.

'Ing. Agr. Ro'lana'o D~manet.'· ',~, L.

Avances en Nutrición Vegetal y Fertilización
de Especies Forrajeras.
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1IeRdImlento de cultivares de baJlicas hianuales diploides.
BílaióD Experimental Las Encinas. Temuro. 1998-2000.
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Efecto de la dosis de nitrógeno sobre la producción de
semüle de b8IIica césped. Nueva imperial. Uhisol



Efecto de la dosis de nitrógeno sobre la producción de
_iIIM de Wica forrajera. Nueva Imperial. UJtisol

lllálncxión N"drógeno-Agua BalJica perenne cv RevieJle. Maquebue.
Temp0rJIda 199912000

lllteracQóe Nitrógeno-Agua Ballica perenne cv RevieIJe.
Nva. Imperial Temporada 199912000

lIIteracci6nN - agua en la producción de Ballica Top Hat.
Maquebue. Temporada 1999nooo

1JderBIXión N - agua en la producción de Ballica Top Hat. Nva
Imperial. Temporada 199912000

Dosis Ypan:ialización de Nitrógeno
BaIIka perenne. Las Encinas. Segunda temporada



Dosis Y parciaJización de Nitrógeno
Ballic:a perenne cv Top Hat. Las Encinas.

Temporadas 98199 y 99MO

Efecto de la dosis y parciaJización de Potasio.
~ perenne cv Nui. Maquebue.

Temporada 1999-2000

EI'edo de la dosis de enmienda en la prnducción de semilla
a b8IIica perenne cv Top Hat (kgIba). Las Encinas

Dosis Y parciaJización de Nitrógeno
Ballica perenne cv Revielle. Las Encinas.

Temporadas 98J99 y 99MO

Efecto de la dosis y parciaJización de Potasio.
BaIIiclLperenne cv Nui. Las Encinas.

Temporadas 98199 y 99100

¡::=:::;;~

ReIadóD Fósfo~Azufre.BaIIica perenne cv Nui.
Maquebue. Temporada 199912000



Relación Fósforo-Azufre. RaDica perenne cv Nui.
Maquehue. Temporada 199912000

•
• •

y = -4.929x' + 109,91x + 993.55
R2 =0.668

Alfalfa

-
, • -."." ,.. ~ y ... .-.

o; . ' ~ ~

Producción de doce cultivares de Alfalfa.
Estación Experimental Las Encinas, Temuco.

Promedio de Tres Temporadas (Riego)

Tasa de crecimiento diario de AlfaJfa.
'1:atKt6a bfet .....1IbII Malpo.Tercera Temponoda (Secano)

T_*~_(lrc-_'dIo-I~ de doce-"" de AJrd•.
T_T..-aT..,...- (RIeco~

Altura de doce cuJtivares de Alfalfa. Estación
Experimental Las Encinas, Temuco.

Tercera Temporada



Efecto de la dosis de cal y fósforo sobre la
prodUcdón de Alfalfa Tendencia general

REMEN'fO DE RENDIMIENTO DE ALFALFA EN UN
, SUELO ACIDIFrCADO

Ji;~de la Fuente YDosis de Fósforo
~ Ia,Producción de Mdialt:06llltiv..
Ten:era temporada, Gorbea 1999-2000

Efecto de la Fuente y Dosis de Fósforo
sobre la Producciim de Medicllgo saliva.

Temporada, Gorbea 1997-1998

Efecto de l. Fuente YDosis de Fósforo
-obre ...Prodaecjón deM~oSIItivtI.

Promedlo;cua~ temporadas, Maipo 1995-1999

I DUO .200 I



'Efecto de la dMis de cal y fósforo sobre la
producción de Alfalfa.

.Efecto dtr.la Fuente Tiempo de aplicación y Dosis de Fósforo
, .sobre la Producción de Alfalfa.

l>roineclio cuatro temporadas, EStación Experimental Maipo

Siembra y Anual

Efeéto de la dosis de cal y Potasio sobre la
producción de Alfalfa.

Efecto de la Fuente de Fósforo y
Epocade aplicación de P en Alfalfa.

Estación Experimental Maipo, Temuco.

12,88

11,84

Efecto de 13 dosis de cal y potasio sobre de
producción de Alfalfa. Primera Temporada

Efecto de la dosis de cal y potasio sobre de
producción de Alfalfa.

Promedio Tres Temporadas
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EFECfO DE LA DOSIS DE CAL Y POTASIO SOBRE
EL RENDIMIENTO DE ALFALFA.

Trébol rosado + Ballica Bianual

Deficiencias
Potasio

Remq.......lo p..-edIo de tres temporada. de cuJlivares de Trébol rosado.
Eotadón EsperimenlaIMalpo.

UIII_ de La F..-era, Temuco.l995-~.

R.a~de la asodaclón l>aIJIca blanual + trébol rosado (ton mslha).
.EálIeI6II Esperlmental Las Endnas. Instituto de AgroIndultrta,

U........... de La FI1IIItera, Temuco.

<,:....... FECHAS DE CORTE Total %- ........ ........ ......, ........
2,55 2,29 1,10 15,5' 104

2,40 2,24 0,91 15,01 lOO

2,49 0,92 14,62 97

0,92 J4,37 96

0,93 J4,lIO lOO

1,01 J4,113 lOO..,., J4,87
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• 4ton I

•

Efecto de la dosis de Cal y P sobre la producción de
TrifolilUlll"lÚmse. Primera temporada (94/95)

10

22

8

12

11

11

13
21

14

rI!CHAS DE CORTE-_.-.. __ .........

................ delriW .-do ala cempoolclón botánica de
. la ' .... 1W!!c'a ......... +TriW rosado.
~Eqiwks I..LaoEllCillao.U_......d.La~n.

T~.gettenI de la producción de TrifOÚlull~

ftbIIJIeddo lJajadiferente relaciones de Ca/P en un andisol
llCidiflCado. periodo 1994-1997.

rr taca• ...._tt- ),.l.......-taode p,o.
_~,.....,... G Prt.en Te..,...... t",19II.

-+-Testigo

_1eeRCN

, .. SFOS

--H-'ltsn

T_ de crecimiento diario (kg mslbafdia). de 10 tratamientos de
P20SeD Trift1/iM-J11'i!IeIISe. Gorbea, Segunda Temporada 1998199.

• Corta 2

• Corte.
I DCorte'

aCate,)

Prud.xión especie pura pur corte (ton mslba), de 10 tratamientos
de P lOS en TriJolDurtprtztmse. Gorbea.

Sepnda Temporada 1998199.



T_ de c:ncimiento diario (kg mslbafdía), de 10 tratamientos de
.PAeu~~Gorbea, Segunda Temporada 1998t99.

T_ de c:recinúento diario (kg mslbaldia), de 10 tratamientos de
P20 S- 7'ri/tJIiJunJllfl*:lue. Gorbea, Segunda Temporada 1998199.

95.53

25,14

79,55

172.85

EA R (%)

150 RC~

150 SUPERfOS

Efleiencia agronómica relativa de la producción
de forraje en la temporada 1998-99, de los

tratamientos de PzOs en Trifolimn pratense,

PI" vi- Tréloel ...... (.... msIha) por_pon4a Y,remedio de LO

..... ., S de P,o, ... 'fiilWiIoIJI"*1t1tL Goñea.

~ "P""*"~ de la ,l'odUcdén de RmIIIa en la _"""3da
....", de _ ... de P,O, ... 1'rifoIiIetf1I'iII-.

EA R (%)

123.61

117.01

132.80

94.53



Etecto de la dosis de enmienda en la producción de semilla
de trébol rosado. Las Encinas.

Dasisy pan:iaJización de potasio en la producción de semilla de
TréJJoI rosado. Maquehue. Temporada 1999-2000

Relación Fósforo-Azufre. Producción semilla
de trébol ros.ado. Maquehue. Temporada 1999-2000

I:f_ de ... okP.o, yf_leo de Fósfon ooIJre
la ,..od_d6n de _lilao m TrifoliJlmpratOlX.
V~ de La ~ra.Gorbea. Temporada tmm.

Dasis Yparcialización de potllSio en la producción de semilla de
Trébol nJIIIlIdo..LlI5 Encinas. Segunda temporada

Relación Fósforo-Azufre. Producción semilla de trébol
rosado. Maquehue. Temporada 1999-2000



Efecto de la dosis de bo.ro en la producción de semilla
de trébol rosado. Maquebue. Temporada 199912000

Relaeión Concentración Planta/Suelo

Relación entre la concentración de nutrientes
en la planta yel suelo en praderas templadas

Efecto de la fuente de fósforo sobre la producción de
trébol rosado

Rebdóaentre la concentración de nutrientes
en la planta Yel suelo en praderas templadas

Concentración de Nutrientes en las Plantas



Concentración de Nutrientes en el FoUaje d.e
Especies GraDÚDeaS Forrajeras (bms)

o.centración de Nutrientes
,.eI Follaje de.

hi:':!¿c.,ll:'... F....~.. (btm)

Retación ent.re la concentración de nutrientes
de rumiantes yel contenido una pastura templada

Concentración de Nutrientes en el FoUaje de
Especies Legwninosas Forrajeras (bms)

ReIadóD entre el contenido de Nutrientes
en .. Phnta Y el Animal

Distribución deMacronutrientes en la secreción de leche,
Feca y Orina de vacas lecheras que consumen una pastura

de tipo t.emplada



Efecto del pH enJa concentración de Mo
Ea Bdka perenae y Trébol blanco

Reciclaje de Nitrógeno en animales en pastoreo
Pastura BaDica + Trébol

Concentración de B en estado de floración

Balance de B,Mo y Se (giba/año) en sistema intensivo
de VlICaIIledleras en pastoreo, manejadas en pradera de

Baflica + trébol

Efecto de la aplicación de S en la ganancia de peso
de Corderos alimentados con dos tipos de praderas

Balaace de Mn, Zn y Cu (giba/año) en sistema intensivo
de VlIClIS lecheras en p811toreo, manejadas en pradera de

BaIIica+ trébol
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• Penitencia tres años
• EstabIecimielllo solo o asociado
• Asociación con cereales
• Asociación con baUicas de rotación
• Asociación con baUica + cereal

Trébol rosado

( "". ,,.): .
. -.;;;~~~..

¡Producción de ForrajeI t~»-~':-'<Jf:

::~-.t~?;~.~Ji-;

Producción de semilla de Trébol rosado en la IX Región

• UtiJiuc:ióa: Pastoreo~ COMervacióa de forraje y ProdllCCióll de $e.Ha
• Produccióa de semilla como 5ubprodudo producción de rornje
• Siembra asociada a cereales
• Co_a _..to alo
• 5.000 .... desüaad... a la pr_cióa de ",.ma
• RCJldi míe.lo promedio '250 k& semilla1ha
• Mal ••aejo de Agronómico del cultivo
• Carcada de a¡:e.tes poIilti.1antes
• Prob....... de C6scala y Orobaock.
• Mercado Nacioul y Exportación

Readimieato promedio de tres temporadas de cultivares de Trtbol fosado.
EstaciÓII Experimeatal Maipo.

Uaivusidad de La Froatera, Temtlco. 1995-1998.

C.Jtivar loa .sIIIa %

ToIlea 7,JJ 117

CauUe 6.78 111

RedqtlOli 6,56 107

QaiAeq..1i 6,12 100

StII"clo 5,SO 90

CODcorde 5,36 88

Estauaebl 5,35 87

CoICIlSO 4,99 82

Violeta 4,57 75

Paw.ra 4,06 66

Promedio 5,64
FUIllte DemsaetyClri.efo,l999

1Trébol rosado + RaDica Bianuall Rendimiento de la a!OciacióD balJka biaDllaI + trtbol rosado (loD mslha).
EstaciólJ Experi.nae.bl L-.s Eaciaas. Instituto de Agroiodustria.

Uaiversidad de La Fro'atera, Te.lleo.

Cultivar FECHAS DE CORTE Total %

l11lUH O3IJLO: 1.:m..m I.mm UAH.m ..oo.oz

Flanker 1,30 4,18 4,18 2,55 2,29 1,10 15,59 104

Concoro 1,27 3,41 4,80 2,40 2,24 0,91 15,02 100

MarbeUa sud 1,09 J,7J 3,74 2,66 2,49 0,92 14,62 97

Crusader 1,36 3,72 3,20 2,70 2,46 0,92 14,37 96

Montblanc 0,116 4,'18 4,17 2,12 2,43 0,93 14,80 100

Domino 1,08 3,80 3,75 2,24 2,95 1,01 14,83 100

Pro~dio 1,16 3,IS 3,97 2,45 2,48 0,97 14;87

"- o..-:t,e-.. ''''
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Aporte por«ot-ual de trébol rosado a la cODlposición botáaica de Efecto de la Distancia enter Hilera en la producción de semilla
la ..ociadóa Dallica bia..al + T.tbol rosado. de Trébol rosado

f:stació. t:xperi...lal L... E_as. Ullivenidad de La Fro.lera.

CIlJüvar FECHAS DE CORTE Total 1"romrebo

27nU)) """1m 1202Al2 19m.m ,..,.,." 1&0502

Flanker 1 4 10 15 10 4 8
Concord O 11 12 17 10 20 12

MatbeIJa sud 2 4 13 20 14 II 11
Crnsader O 8 16 5 22 10 11 10
Monlhllmc Q 12 36 37 21 11 13
Domino O 8 31 40 22 7 11 22
Pro.edio O 8 10 11 17 10 14 __r'-"'-

1'IJerde:.Om-ct., C.m-a. I~

Efecto de la Densidad de Plantas en la producción de semilla
de Trébol rosado

¡Producción de semilla de Trébol rosado I
~~~=b-==-~2·=·-=·="'~i==~,,,,,1-

Asociación con Cereales, Dosis de semilla y Distancia entre Hilera
en la producción de semilla de Trébol rosado

Inoculación y Peletización con Molibdeno
en la producción de semilla de Trébol rosado

o .
1-

f--
F ..
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Efec;W de la fuente de Fósforo en la producción de semiOa
de Trébol rosado

Relación Azufre Fósf4ro en la pnKIucción de semil.la
de Trébol rosado

Ef~ de la época de rezago en la producción de semilla
de Trébol rosado

Efecto de la Aplicación de Enmienda en la producción de semilla
de Trébol rosado

Efecto de la dosis YParcializaclón de Potasio
en la producción de semilla de Trébol rosado

/'

V
I"l

~

-
V

V 11
¡----

VJI 1--- -
,

/' ........ ¡-
/'

Efecto de la Aplicación de ·desecantes en la cosecha de.semilla
de Trébol rosado

Desecante
Directa
Paraquat
ParaqWlt + Diquat
Promedio

kg semillasfha
531
632
632
598

4



Efecto de la diferentes cargas de agua de riego
en la producción de semilla de Trébol rosado Polinización de Trébol rosado con Bomb"s ruderaJus

---

Especie

Bombus rvderatus

Fecha Floresllnl1orescencla
6 de enero 5,8
14 de enero 7
21 de enero 6,3
28 de enero 7,4

Tiempo (seg)

17,6
14,8
9,9

15,7

Polinización de Trébol rosado con Bombus ruilnaJu..
e,.o¡wUt\lOOlCHIll

......""'·....... ' ..11 ... 1..
,NNCty~ACJ'lAAl..

Efecto de la Fertilización con 'Boro en la Producción de Semilla
de Trébol rosado en Suelos Volcánicos de Chile

Bomhus ruderatus

Bom1>xs dtJhJbomi

Fecha
4 de febrero
J[ de Febrero
4 de febrero

11 de Febrero

Flores/lallorosc:encla
6,6
6,2
6,1
5,5

Tiempo (seg)

15,9
15;1
9,8

Rolando Deotonet FUIppI
Mai 1.11%)1:.... GI
~ '..... rr.un

'I7thCODgJ""~aJ.1.CI~"Sudo
Agosto'Z002.S...... 11IaU....

Relación entre la concentración de nutrientes
en la planta y el suelo en praderas templadas

Concentración de Nutrientes en las Plantas

• Ambiente
Suelo

• Especie
• Cultivar
• Fertilización

~~~;. '-

~.~.~~; - ..~- -".:

Planta/Suelo
O,JO
0,25
0,30
0,10
0,35
0,12

Planta
165
37
9
5

0;90
0,05

Suelo
J.600
150
30
50
2,6
0,4

Elemento (ppm)

Mn
7n
Cu
B
Mo
Se

5



COIKentración de Nutrientes en el Follaje de
Especies Gramíneas Forrajeras (bms)

EI_alO (ppm) Ilollka pereue
M. 41
za 20
c. ~O

B 9
Mo 0.47

lOS
ZJ
7,1
lO

o,n

Timotby
38
19
4,6
17

O,SII

'Festuca
29
16
4,9
10

0.60

Concentración de Nutrientes en el Follaje de
Especies Leguminosas .Forrajeras (bms)

Elemento (%) Trébol blanco Trébalrosado Alfalfa
N 4,42 3,40 2,94
P 0,38 0,27 0,26
S 0,29 0,21 0,27
K 2,26 2,07 1,65
ca 2,10 1,84 1,82
MI( 0,18 0,21 0,15

EIe_(pp..) Trébol blanco Trébol rosado AJraJra
Mn 49 44 42
Zn 25 2-4 2-4
Cu 7,3 7,4 7,0
B 3l 27 38
Mo 0,64 0,44 0,18

Relación entre la concentración de nutrientes
de nuniantes y el contenido una pastura templada Concentración de B en estado de floración

1:1__'" (ppta) el.ata Aaiaa" AaiJnllPl••ta

Ma 16S 1,2 0.007
za 37 83 2,2
c. 9 9 J

B S J 0,2
Mo 0,90 0.66 0,83
Se O,OS 1,2 24

- - --- .. .
, ,. ':""':;'''''',-'': .. A

Especie
Bromo
Timothy
Pasto ovillo
Trébol rosado
Alfalfa

ppm Boro
3
3
5

29
26

Efecto del pH en la concentración de Mo
En BaUica perenne y Trébol blanco

Especie

Ballica
Trébol

5,0
1.1
0,9

5,5
1,6
1,3

pH
6,0 6,S
2,7 4
2,7 3,9

7,0
4,3
S,7

7,5
5,2
S,9

Balance de B, Mo y Se (giba/año) en sistema intensivo
de vacas lecheras en pastoreo, manejadas en prade.ra de

BaJlica + trébol
B Mo Se

Inputs
Fertilización 6 7 0,3
Atmósfera ISO 2 3

Reciclaje
Absorción Fona¡e ISO 40 lO
Consumo animal 120 32 8
Material muerto 60 16 4
Raíces muertas 60 20 J
Excretas 96 26 6,S

Output
Leche 7 0.7 0,2
Pérdida por IIUY1a 60 1 1
Pérdida por excretas 17 S 1.2

GananclaIPérdida en el suel'o 82 2 0,6

6



Funciones del Boro

• Asociado a la actividad metabólica

• Translocación de azúcares

• Sintesis de hormonas

• Formación de la pared celular

• Desarrollo celular

Concentración de Boro en el Suelo

• 0.2 - 1.5 ppm Niveles habituales en
el suelo

• < 1 ppm Se considera nivel
deficiente

• Exceso de Boro en el suelo reduce la
germinación de las semillas

Requerimientos de Fertilización con Boro

• En Chile existe respuesta de basta
6 kg Borolha en Trébol rosado

• En praderas permanentes se aplica
hasta 2 kg Borolha

• La mayor respuesta se presenta en
Coles, Remolacha y leguminosas
forrajeras

• En Nueva Zelandía se aplica 0.5 kg Blha
ó 2.5 kg Blha cada cuatro años

Deficiencia de Boro en la Planta

• Reduce el crecimiento vegetativo

• Disminuye la floración

• Disminuye la elongación radical

Nivel de Boro en la Planta

• Existe mayor concentración en
plantas dicotiledoneas
Concentración crítica

• Trébol blanco 13 - 16 mg/kg ms
• Trébol rosado 15 - 18 mgIkg ms
• Alfalfa 17 -18 mglkg ms
• Batlica perenne 6 - 12 mglkg ms
• Pasto ovillo 6 - 12 mglkg ms
• Phfeum prtlimse es - 12 mglkg ms

Rol del Boro en el Animal

• InOuencia en el metabolismo del
Calcio, Fósforo y Magnesio

7



Requerimientos de Boro en el Animal

• No es un elemento esencial

• Consumo excesivo provoca:
• Edema ~D IlIS patas

• Reduce el consumo

• Reduce el crecimiento

Alfalfa --- .

I!!

-.~~ :... ., ,

Nivel de Nutrientes en la Planta
Requerimientos para producir 20 tonmslba

N >5.8
1 ton 20 ton

p "11-1_0 P10S 7 140
K 3.6-5..

Kz° 29 580
00 J.(I·40

Me 1.1-:1.8 Ca 15 300
S· >O.3f Mg 3 60

B >88 S 3 60
Col .ll-se B 0.04 0.8
f. 151-_

MIl IlMI-13t Mo 0.001 0.02
MIl ~8 Zn 0.027 0.5
:lA 7L-Ult

Nivel de Nutrientes en la Planta

Deficiencia de Boro en la Planta

• Reduce el crecimiento vegetativo
• Disminuye la floración

N >5.0
p 8.71-1.0

K 3.6-5.0

00 J.....O

Me 1.1~1.0

S >8-S&

B >88

Col JI-50

F. 151__- ItMl-1SO

MIl >5.8

:lA 71~100

8



1El Boro en la Producción de semma Trébol rosado 1

Erecto de la apUcadón de Boro en la produc:c:ión
de semilla de Tribol rosado

El Boro es escencial en la elongación del tubo polínico

Erecto de la dosis de boro en la producción de semilla
de Trébol rosado. MJLquehue. Temporada l.99912000

Billa
o
1
2
3
4

6

619
639
664
760
906

1.096
'?lit

lIO/lIl
821

1.146
1.168
L389
1393
1.401
1.220

/

/
f'E'1--

I""'t---- r-V ,.- t-- t-- 1--V ,...
1/ f---- f---- f---- t-- t-- 1--

1/ f---- 1---- f---- 1---- 1---- 1--

1/ 1- 1- 1- 1- 1- 17

17th Congreso Mundial de la Ciencia del Suelo

Enfrentando la Nueva Realidad del siglo 21
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PRODUCCION DE SEMILLA DE TREBOL ROSADO

Rolando Demanet Filippi.
Ingeniero Agrónomo, Instituto de Agroindustria Universidad de La Frontera
Ma.·ía de la Luz Mo.·a Gil.
Doctora en Química de suelos, Instituto de Agroindustria Universidad de La Frontera

En la Región de la Araucanía y específicamente en la provincia de Cautín, se establecen
anualmente 5.000 ha de Trébol rosado, las cuales son destinadas a la producción de forraje
y semilla. La tecnolo'gía que presentan los productores de semilla ha permitido mantener
un rendimiento promedio de semilla de 250 kg semilla/ha, sin embargo, los resultados
logrados por el proyecto FONDEF D97I2005, realizado por un grupo superior a 20
profesionales de la Universidad durante cuatro años, logró demostrar que es factible
alcanzar niveles de rendimiento mayores a 1.000 kg de semilla/ha en forma estable en el
tiempo.

La información generada por el proyecto en relación a la producción de semilla de Trébol
rosado, esta indica que es absolutamente factible lograr un alto rendimiento de semilla
durante la temporada de establecimiento, donde se debe considerar el establecimiento
temprano en otoño. Además, este cultivo puede ser cosechado en la segunda temporada
(Cuadro 1), para lo cual se debe considerar su utilización invernal y aplicación de
herbicidas (paraquat y otros), para el control de especies de hoja ancha y gramíneas.

Cuadro 1: Efecto de la edad del semillero de Trébol rosado sobre el rendimiento (kg
semilla/ha). Estación Experimental Las Encinas. Temporadas 98/99 - 99/00. Temuco, IX
Región

Distancia entre Primera Temporada Segunda Temporada Sumatoria Promedio
Hilera (cm)

17 1.039 778 1.817 909
34 1.042 929 1.972 986
51 932 419 1.351 676

Promedio 1.004 709 1.713 856
% 59 41 100

Respecto al manejo agronómico de este cultivo, los resultados demostraron que una
densidad de 400 plantas/m2 y distancia entre hilera de 17 cm, permiten alcanzar
rendimientos superiores a 1000 kg semilla/ha. (Figura 1 y 2)
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Figura 1. Efecto de la distancia entre hileras sobre la producción de semilla de trébol
rosado.
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Figur·a 2. Efecto de la densidad de plantas sobre la producción de semilla de trébol rosado.

En el área central de la IX Región, el establecimiento de esta leguminosa asociada a un
cereal, no tiene interferencia sobre la producción de semilla de esta leguminosa durante la
segunda temporada, en especial, cuando se siembra asociado a Triticale o Cebada (Figura
2).



Cuadro 2. Asociación con cereales, distancia entre hilera y dosis de semilla en Trifolium
pratense. Estación Experimental Maipo

Primera Temporada 199711998.Producción Cereales (qqm/ha)

Triticale Cebada Avena

Distancia Dosis de Asociación Trébol-Cereal
entre hile.·a semüla

cm kg

20

40

Testigo 69 37 73
4 78 41 53
8 73 41 48
4 66 48 56
8 74 37 58

Promedio 72 41 58
Segunda Temporada 1998/1999.Producción de Trifolium pratense (kg/ha)

Distancia Dosis de Asociación Trébol-Ce.·eal
entre hilera semiUa

cm kg Trébol Triticale Cebada Avena
20 4 1.561 1.576 1.420 1.061

8 1.720 1.409 1.247 1.072
40 4 1.656 1.164 1.542 942

8 1.437 1.338 1.527 1.055
Promedio 1.594 1.372 1.434 1.033
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FigUloa 3. Asociación con cereales, distancia entre hilera y dosis de semilla en Trifolium
pratense. Estación Experimental Maipo



INOCULACIÓN Y PELETIZACION

Cabe destacar que para lograr un alto rendimiento de semilla, es clave el manejo de
establecimiento de esta leguminosa. En primer término se debe considerar la peletización
con molibdeno, hecho que permite incrementar en mas de 40% el rendimiento de semilla
(Figura 4).

Cuadro 3. Efecto de la inoculación y peletización con molibdeno sobre la producción de
semillas de Trifolium pratense. Gorbea.

Tratamientos

(lo)Testigo
(h)U 28
(I3)Exp 1
(1¡)Exp 2
(Is)Inoculante comercial

Promedio

kg semiUa/ha
SinMo ConMo
1.119 1.579
755 1.349
929 1.205

1.083 1.471
966 1.231
970 1.367

O/o Incremento

41
79
30
36
27
41

I OSin Mo .Con Mo I1.600

1.400

1.200

ro 1.000
..cg
·E 800
Q)

'"el
-" 600

400

200

o
10 12 13

Tratamiento

14 15

Figm·a 4. Efecto de la inoculación y pelitización con molibdeno sobre la producción de
semillas de Trifolium pratense. Gorbea.



FUENTES DE FOSFORO

Además, al establecimiento se debe considerar la aplicación total de fósforo, en especial,
cuando se utilizan fuentes de baja solubilidad y lenta entrega (Figura 5). Este elemento
cumple un rol fundamental en el proceso de floración y en la formación de las semillas, y
su disponibilidad debe ser óptima en el periodo previo a la formación de estas estructuras.

1000

800

.. 600

~
i
'? 400

200

oP205 SFOS SFT RCN

Figura S. Efecto de la fuentes de fósforo sobre la producción de semilla de Trifolium
pratense. Gorbea

USO DE ENMIENDA EN PRODUCCIÓN DE SEMILLA DE TREBOL ROSADO

El azufre, calcio y magnesio son nutrientes que cumplen un rol fundamental en el
desarrollo de las leguminosas. El Azufre es constituyente de las proteínas, más
precisamente de los aminoácidos cisteína y metionina, y de las vitaminas tiamina y biotina,
así como la coenzima A. El calcio que mayormente poseen las plantas se encuentra en las
vacuolas centrales y en las paredes celulares unidos a polisacáridos llamados pectatos. Por
otra parte este elemento en el suelo permite la regulación de los nivles de pH y porcentaje
de saturación de Al, situación de alta trascendencia en los Andisoles acidificados de la
Región, donde se desarrolla la multiplicación de semilla de trébol rosado. El magnesio, en
la planta se ubica en la molécula de clorofila y resulta un elemento esencial porque se
combina con el ATP y participa en la activación de diversas enzimas necesarias para el
proceso de fotosíntesis, respiración y formación de ADN y RNA. En las evaluaciones
realizadas en este proyecto, en un Andisol, la aplicación de mezclas de dolomita mas
sulfato de calcio, permitieron elevar el rendimiento de semilla en 67% (Cuadro 5 y Figura
6)



Cuadro 5. Efecto de la dosis de enmienda en la producción de semilla de Trifolium
pratense. Las Encinas.

Dosis
Testigo

250 Yeso - 250 Dol
500 Yeso - 500 Dol
750 Yeso - 750 Dol

Primera temporada
508
521
464
861

Segunda temporada
694
716

1.113
1.146

Total
1.202
1.237
1.577
2.007
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Figura 6. Efecto de la dosis de enmienda en la producción de semilla de Tr(folium
pratense. Las Encinas.



RELACION AZUFREIFOSFORO

La relación fósforo azufre en el suelo y planta ha sido ampliamente estudiada por el grupo
de investigación del Instituto de Agroindustria de la Universidad de La Frontera. En
relación a la producción de semillas se realizó un ensayo en el predio Maquehue en un
suelo Andisol, que demostró que la relación 100:40 fue la que logró en promedio de dos
años el mayor rendimiento de semilla de trébol rosado, superando en 23% la producción del
tratamiento testigo 100:0 (Cuadro 6).

Cuadro 6: Efecto de la fertilización con diferentes relaciones PIS sobre la producción de
semilla (kg/ha) de Trifo/ium pratense, en un Andisol de la Región de La Araucanía.
Temporadas 1999/2000 y 2000/2001. Maquehue.

P/S 99/00 00/01 Sumatoria %

100/0 812 1.381 2.193 100
100/10 920 1.241 2.161 99
100/15 1.027 1.131 2.158 98
100/20 889 1.544 2.433 111
100/30 973 1.609 2.582 118
100/40 1.235 1.452 2.687 123
100/50 989 1.081 2.070 94
100/60 1.049 1.331 2.380 109
100/70 996 1.099 2.095 96
100/80 1.073 1.381 2.454 112
100/100 1.100 1.386 2.486 113
Promedio 1.006 1.330 2.336 107
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Figura 7: Efecto de la fertilización con diferentes relaciones P:S sobre la producción de
semilla (kg/ha) de Trifolium pratense. Maquehue. Primera Temporada (1999/2000).

USO DE POTASIO EN PRODUCCIÓN DE SEMILLA DE TREBOL ROSADO

En relación a la fertilización con potasio, este cultivo presenta una alta respuesta a la
aplicación de este elemento, dado que participa en la formación de las estructuras de la
planta. Una mayor eficiencia se logra cuando el potasio es aplicado en forma parcializada
(Figura 8), dado que es posible escapar a los procesos de lixiviación que se producen en
forma habitual en la Región, producto de la concentración de las precipitaciones. Como se



observa en los siguientes cuadros, la tendencia se verifica en áreas de Andisoles y Utilsoles
y bajo condiciones diferentes de humedad de suelo.

Cuadro 7. Dosis y parcialización de potasio en la producción de semilla de Trifolium
pratense (kg semilla/ha) en Andiso1. Maquehue. Temporadas 1999/2000 y 2000/2001.

o
70.0

70.30
70.50
70.70

Promedio

o
70
100
120
140

99/00
252
722
810
833
795
682

00/01
820
950

1.159
1.208
1.290
1.085

Sumatoria
1.072
1.672
1.969
2.041
2.085
1.768

%

100
156
184
190
195
165

Cuadro 8: Dosis y parcialización de potasio en la producción de semilla de Trifolium
pratense (kg semilla/ha) en Andisol. Las Encinas. Temporadas 199811999 y 1999/2000.

O
0-60
30-60
60-60
90-90
Promedio

O
60
90
120
180

98/99
696
729
678
794
780
735

99/00
674
768
790
860

1.010
820

Sumatoria
1.370
1.497
1.468
1.654
1.790
1.556

%

100
109
107
121
131
114

Cuadro 9: Dosis y parcialización de potasio en la producción de semilla de Trifolium
pratense (kg semilla/ha) en Untisol. Nueva Imperial. Temporada 1998/1999.

kg K2O/ha kgK20/ha kg semillas/ha %

O O 120 100
0-90 90 139 116
30-60 90 144 120
90-90 180 215 179
Promedio 155 129
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Figura 9: Dosis y parcialización de potasio en la producción de semilla de Trifolium
pratense. Maquehue. Primera temporada

APLICACIÓN DE BORO EN SEMILLEROS DE TREBOL ROSADO

La aplicación de Boro genera una alta respuesta en producción de semilla de Trébol rosado
(Figura 9). Esto se encuentra asociado a una mayor producción de néctar, elongación del
tubo polínico y desarrollo del polen, situación que permite obtener una mayor eficiencia de
los agentes polinizantes.



Cuadro 10. Efecto de la dosis de boro en la producción de semilla de Trifolium pratense
(kg semillalha). Maquehue. Temporada 1999/2000 y 2000/2001

kg B/ha 99/00 00/01 Sumato.·ia %

O 619 821 1.440 100
1 639 1.146 1.785 124
2 664 1.168 1.832 127
3 760 1.389 2.149 149
4 906 1.393 2.299 160
6 1.096 1.401 2.497 173

Promedio 781 1.220 2.000 139
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Figura 9. Efecto de la dosis de boro en la producción de semilla de trébol rosado.
Maquehue. Temporada 1999/2000

EFECTO DEL RIEGO EN LA PRODUCCIÓN DE SEMILLA DE TREBOL ROSADO

En áreas con déficit hídrico prolongado (Nueva Imperial), la aplicación de agua de riego
durante el periodo estival provoca una alta respuesta en producción de semilla, generando
una diferencia superior a 600 kglha, entre la situación de secano y cuando se utiliza riego
para suplir el 75% de la evapotraspiración. Niveles excesivos de aplicación de agua de
riego, reduce la producción de semilla, como consecuencia del aumento de la producción
de follaje (Cuadro 11 y Figura 10).



Cuadro 11: Efecto de diferentes cargas de agua de riego sobre la producción de semillas de
Trifolium pratense. Nueva Imperial

%EvP 98199 99/00 Sumato.·ia %

O 123 458 581 100
50 441 1.122 1.563 269
75 711 1.252 1.963 338
100 151 1.351 1.502 259
P.·omedio 357 1.046 1.402 241
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Figura 10. Efecto de diferentes cargas de agua de riego sobre la producción de semillas de
Trébol rosado. Nueva Imperial

EFECTO DEL REZAGO EN LA PRODUCCIÓN DE SEMILLA

En los semilleros de segundo año, el manejo del follaje durante el periodo invernal exige
que el tiempo de rezago no se extienda mas allá de fines de agosta a principio de
septiembre (Figura 11).



Cuadro 12. Efecto de la época de rezago en la producción de semilla de Trifolium
pratense. Las Encinas. Segunda temporada

Rezago
Desde 4 de Agosto
Desde 8 de Octubre
Desde 21 de Octubre
Desde 5 de Noviembre
P.oomedio

kg semilla/ha
938
364
367
340
502

O/o

100
39
39
36
54
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Figuroa 11. Efecto de la época de rezago en la producción de semilla de Trifolium pratense.
Las Encinas. Segunda temporada

UTILIZACIÓN DE DESECANTES

En el periodo de cosecha es habitual la ocurrencia de precipitación, situación que provoca
serios daños en la calidad y cantidad de semilla cosechada. Una alternativa de mejorar la
labor de extracción de la semilla y acelerar el proceso de cosecha es a través de la
utilización de desecantes. Las evaluación realizadas demostraron que los desecantes
presentes en el mercado nacional no generan pérdida en la calidad de la semilla y permiten
un leve incremento en el rendimiento fmal de semilla (Cuadro 13).



Cuadro 13: Efecto de la aplicación de desecantes en la producción de semilla de Trifolium
pratense. Las Encinas, Primera temporada de cosecha.

Desecante
Directa
Paraquat
Paraquat + Diquat
Promedio

kg semillas/ha
531
632
632
598

100
119
119
113

POLINIZACIÓN DE TREBOL ROSADO

La polinización es uno de los procesos que limita en áreas de la Región la producción de
semilla de Trébol rosado. Aun cuando, la producción y multiplicación de los agentes
polinizantes es una etapa pendiente en este proyecto, pero que sin embargo, se continúa
trabajando en ello. Las evaluaciones realizadas por el académico Ramón Rebolledo S.,
permitieron definir claramente la mayor eficiencia de B. ruderatus sobre B. dahlbomi en
trébol rosado, tanto en tiempo de visita como la frecuencia de estos sobre las flores del
trébol. También fue posible observar que es en Nueva Imperial el lugar en donde hay más
B. ntderatus y por tanto también una mayor actividad del insecto sobre flores de trébol
rosado.

Dentro de las observaciones realizadas se vio, que en general, en las horas de mayor calor
(entre 13 :00 a 16:00), ambas especies de Bombus descansan sobre hojas de cualquier árbol,.
Para así pasar las horas más calurosas, siendo la abeja en estos momentos más activa, pero
también se pudo comprobar en terreno, que las abejas a pesar de su abundancia, no trabajan
bien la inflorescencia del trébol rosado, dado la dificultad morfológica que estas flores
presentan a las abejas. También se apreció que es en las horas de mayor calor, cuando
ocurre le fecundación de las hembras, hecho que toma lugar en partes altas de diferentes
especies de árboles.

Por último, con respecto a la presencia del insecto en la región, fue posible corroborar que
Bombus ruderatus es una especie que se encuentra en todas las comunas de la IX Región,
pero que, sin embargo, su mayor abundancia relativa se da hacia los lugares costeros;
siendo observado sobre diferentes hospederos además del trébol rosado, en especial, plantas
espontáneas como Cirsium spp., y varias leguminosas cultivadas, tales como haba y una
larga lista de plantas ornamentales que hacen de B. ntderatus una especie muy importante
en la polinización de variadas especies vegetales, tanto cultivadas como espontáneas.
En los estudios de polinización se observó que tres especies del género Bombus estudiadas;
B. dah/bomi, B. ruderatus y B. terrestris, son polinizadores efectivos de trébol rosado. No
fue posible criar artificialmente a B. dah/bomi y B. RuderalUs dada la alta sensibilidad al
estrés mostrada por las reinas, especialmente de la especie B. ruderatus. En todas las
temporadas, se contabilizó un alto número de reinas en la zona; sin embargo, sólo un



porcentaje reducido de ellas logró formar colonias exitosamente. AJgo importante de
destacar fue que los roedores fueron una de las causas probables del bajo número de reinas
que consiguieron formar colonias. En el 80% de los nidos artificiales dispuestos en campo,
se hallaron evidencias de la presencia de estos mamíferos.

Por otra parte, Bombus terrestris mostró ser un efectivo polinizador de trébol rosado,
particularmente las reinas y obreras de gran tamaño, quienes prefirieron pecorear las flores
de este cultivo. Su efecto sobre la producción de semillas es probablemente menor al de las
otras especies de moscardón presentes en la región, dado que las obreras de menor tamaño,
tienen problemas para aprovechar el néctar de flores con corola profunda, como las de
trébol rosado, a causa de su probóscide más corta.

En los ensayos realizados para medir la capacidad polinizadora de B. terrestris, el mejor
resultado fue obtenido por el tratamiento "polinizadores naturales", constituido por Apis
mell~fera, B. dah/bomi y B. ruderatus, cuyo rendimiento fue, en promedio, cinco veces
mayor que el obtenido por B. terrestris; el cual a su vez, superó al testigo en diez veces su
rendimiento. Asimismo se comprobó un detrimento del rendimiento en el tratamiento
"polinizadores naturales", como consecuencia de la sombra; cuyo efecto redujo en
aproximadamente siete veces la producción de dicho tratamiento. Si bien, los resultados no
son extrapolables, es probable que el rendimiento obtenido por los otros tratamientos,
también haya sido afectado por la sombra.

También fue posible comprobar la falta de coincidencia entre la floración del cultivo y la
población de moscardones presentes en el cultivo, al observar que el número de individuos
en el ensayo, sólo aumentó a pal1ir del mes de febrero. Esta situación concuerda con los
planteamientos realizados por otros investigadores, quienes aseguran que esto impide
conseguir mayores rendimientos en la producción de semilla.

Cuad.·o 14: Polinización de Trifolium pratense con Bombus ruderatus

Especie
Bombus ntderatus

Fecha
6 de enero
14 de enero
21 de enero
28 de enero

FloreslInflorescencia
5,8
7,0
6,3
7,4

Tiempo (seg)
17,6
14,8
9,9

15,7

Cuadro 15: Polinización de Trifolium pratense con Bombus ruderatus y Bombus dahlbomi

Especie
Bombus ruderatus

Bombus dahlbomi

Fecha
4 de febrero

11 de Febrero
4 de febrero

11 de Febrero

Flores!Inflorescencia Tiempo (seg)
6,6 15,9

6,2 15,1

6,1 9,8

5,5 10,0
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